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ABSTRACT 
FOOTE, K.G.  1981. Echo sounder measurements of b a c k s c a t t e r i n g  
c r o s s  s e c t i o n s  of e l a s t i c  sphe re s .  F i sken  og S a v e t  S e r .  B ,  
1981 ( 6 )  : 1-107. 
Acous t ic  b a c k s c a t t e r i n g  by s o l i d  e l a s t i c  sphe re s  has  a  h i s t o r y  of 
exper imenta l  and t h e o r e t i c a l  i n v e s t i g a t i o n ,  b u t  l i t t l e  
a p p l i c a t i o n .  I n  o r d e r  t o  f a c i l i t a t e  t h e  p r e c i s i o n  c a l i b r a t i o n  of 
s o n a r s ,  echo sounders ,  and echo i n t e g r a t o r s ,  t h e  p r e s e n t  s tudy  
aims t o  p rov ide  s u f f i c i e n t  new exper imenta l  d a t a  t o  t e s t  a  
neeessasy e x t e n s i o n  of theory  which avoids  the l i m i t a t i o n s  of 
continuous-wave e n s o n i f i c a t i o n  and infinitely-narrow-bandwidth 
r e c e p t i o n .  The ga the red  d a t a  t h u s  i n c l u d e  t h e  fo l lowing  
parameters  f o r  each echo sounder: t h e  d u r a t i o n  and c e n t e r  
f requency of t h e  t r a n s m i t t e d ,  pu lsed  s i n u s o i d a l  s i g n a l ,  and t h e  
f requency response  f u n c t i o n  of t h e  r e c e i v e r .  Other  e s s e n t i a l  
d a t a  r e p o r t e d  h e r e  a r e  t h e  d i ame te r ,  d e n s i t y ,  and m a t e r i a l  
composi t ion of each sphe re ,  and t h e  medium hydrography, o r  
t empera ture  and s a l i n i t y .  Annexed p e r i f e r a l  d a t a  i n c l u d e  t h e  
i n d i v i d u a l  s p h e r e  suspens ions  and r ece ived  echo waveforms. 
The b a c k s c a t t e r i n g  c r o s s  s e c t i o n s  of twenty n i n e  sphe re s  w e r e  
measured w i t h  each of t h e  echo sounders  whose r e s p e c t i v e  nominal 
o p e r a t i n g  f r e q u e n c i e s  were 38 ,  49.5, 70, and 120 kHz. The s a m e  
nominal pubse d u r a t i o n  of 0.6 m s  was used.  Sphere d i ame te r s  
v a r i e d  from 35 t o  $30 mm. The c h a r a c t e r i s t i c  p roduc t  of 
wavenumber and sphere  r a d i u s  t hus  cpanned t h e  range  from 3 t o  34. 
N o  assumptiona were made about  t h e  equipment c a l i b r a t i o n  o t h e r  
t han  t h a t  i t  remained c o n s t a n t  over  t h e  d u r a t i o n  of t h e  
exper iment .  The measurements a r e  t h u s  pu re ly  r e l a t i v e ,  b u t  
c o n s i s t e n t  f o r  each  echo sounder .  Conversion f a c t o r s  a l lowing  
exp res s ion  of t h e  measurements i n  a b s o l u t e  u n i t s  a r e  provided by 
r e f e r e n c e  t o  t heo ry  . 
INTRODUCTION 
C a l i b r a t i o n  of hyd roacous t i c  equipment is  g e n e r a l l y  p rob lema t i ca l .  
I n  t h e  c a s e  of t r a n s d u c e r s ,  f o r  i n s t a n c e ,  t h e r e  appear  a t  t imes  t o  
be  a s  many t echn iques  a s  t h e r e  a r e  exper imenters  o r  u s e r a .  URPCR 
(1995) gave twenty seven s e f e r e n c e s  on t h e  s u b j e c t .  The n u h e r  
today is much l a r g e r  a s  i s  e v i d e n t  from inspeck ion  of r e c e n t  
indexes  o£ t h e  J o u r n a l  of t h e  Acous t i ca l  S o c i e t y  of America and 
from b i b l i o g r a p h i e s  compiled f o r  t h e  same j o u r n a l  by WHITE and 
TEAS (1976-81) . 
The c u r r e n t  problem of i n t e r e s t ,  and mot iva t ion  f o r  t h e  s tudy  
r e p o r t e d  h e r e ,  t h a t  of c a l i b r a t i n g  echo sounders  and echo 
i n t e g r a t o r s  f o r  u s e  i n  f i s h e r i e s  r e s e a r c h ,  i s  no l e s s  troublesorne 
OF i n t r å g u i n g  . Some popula r  s o l u t i o n s  a r e  t h e  fo l lowing:  
conven t iona l  c a l i b r a t i o n  by hydrophone (PETTERSEN 1969, FORE3ES and 
NAKKEN 1972, BQDHOLT -- e t  a l . 1979) , s imul taneous count ing  and 
i n t e g r a t i o n  of s i n g l e  f i s h  echoes  from a  s u f f i c i e n t l y  d i s p e r s e d  
agg rega t ion  (MIDTTUN and NAKKEN 1 9 7 l ) ,  i n t e g r a t i o n  of t h e  echo 
from an encaged agg rega t ion  of f i s h  suspended i n  t h e  echo sounder  
beam (JOHANNESSEN and LOSSE 1 9 9 7 ) '  and measurement of a  
s t a t i o n a r y ,  p a s s i v e  t a r g e t  w i th  presumed known t a r g e t  s t r e n g t h ,  
e .g . ,  p ing  pong b a l l  (WELSBY and HUDSON 1972, TRWYNOR and 
EHRENBERG 1999, FORBES -- e t  a l .  1980, TRAYNOR and NELSON 198%) or 
rnetal sphe re  (WALLACE e t  a l .  1975, TRAYNBR and EHRENBERG 1999) .  
--
These methods d i s p l a y  a  d i v e r s i t y  l i k e  t h o s e  of t r a n s d u c e r  
c a l i b r a t i o n ,  and s i m i l a r l y  e x p r e s s  a  l a t e n t  d i s s a t i s f a c t i o n  w i t h  
a v a i l a b l e  methods o r  need f o r  h i g h l y  s p e c i f i c  t echn iques .  
The p r e s e n t  s t u d y  s p r i n g s  from s e v e r a l  sou rcea .  The f i r s t  i s  t h e  
expe r i ence  of t h e  i n s t r u m e n t a t i o n  group a t  t h e  I n s t i t u t e  of Marine 
Research w i t h  t h e  hydrophone me thod , which has  proved u n r e l i a b l e  , 
The secsnå  is  t h e  long-s tanding d e s i r e  of t h e  a e o u s t l c a  g r s u p  at 
t h e  I n s t i t u t e  to know wkat the a b s o l u t e  c a l i b r å t i o n  of t h e  
equipment i s ,  independent ly  of f i s h  behaviour .  Such 
c o n s i d e r a t å o n s  r e s t r i e t  cho ice  of t h e  c a l i b r a t i s n  method t o  t h a t  
of a  s imple  t a r g e t  w i th  presumed known a e o u s t i c  b a c k s c a t t e r i n g  
c r o s s  s e c t i o n .  Given t h e  succes s  of  t h e  i n s t r u n e n t a t i o n  group i n  
o b t a i n i n g  c o n s i s t e n t ,  i f  r e l a t i v e  r e s u l t s  w i t h  meta l  sphe re s  i n  
e x e r c i s e s  conducted a long  w i t h  conven t iona l  hydrophone 
c a l i b r a t i o n s  s i n c e  1979, i t  was n a t u r a l  t o  i n v e s t i g a t e  s i m i l a r  
t a r g e t s .  The f a c t  of d i s t a n t  c o l l e a g u e s '  compla in t s  abou t  ping 
pong b a l l s ,  i n c l u d i n g  s u s p i c i o n s  vo iced  i n  t h e  l i t e r a t u r e  
(TRAYNOR and ENRENBERG 1979) ,  p rec luded  c o n s i d e r a t i o n  of  t h e s e  
and o t h e r  non-robust  t a r g e t s .  The e x i s t e n c e  o f  a rudimentary 
theo ry  f o r  s c a t t e r i n g  by e l a s t i c  sphe re s  (PARAN 1951, HICKLING 
1962) ,  moreover, and p o s s i b i l i t y  of  forming t h e  t a r g e t  of g l a s s  
o r  p l a s t i c  l e d  t o  t h e  g e n e r a l  i n v e s t i g a t i o n  of e l a s t i c  sphe re s  a s  
a a l i b r a t i o n  t a r g e t s  . 
General  aims of t h e  o v e r a l l  c a l i b r a t i o n  s tudy ,  t h e  s s - c a l l e d  
C a l i b r a t i o n  Sphere P r o j e c t ,  may be phrased through t h e s e  
q u e s t i o n s :  What is  t h e  t a r g e t  s t r e n g t h  of an e l a s t i c  sphe re  a s  
observed by an  echo sounder?  What i s  t h e  b e s t  m a t e r i a l  and 
sphe re  s i z e  f o r  c a l i b r a t i o n  of a  g iven  echo ssunder?  How should 
t h e  s p h e r e  be  suspended i n  t h e  echo sounder beam? What 
methodology i s  most e f f i c i e n t  f o r  c a l i b r a t i n g  echo sounders  and 
echo i n t e g r a t o r s  by e l a s t i c  sphe re s?  
A shortcoming w i t h  t heo ry  t h a t  was recognized a t  t h e  o u t s e t  of 
t h e  s tudy  was i t s  formal  l i m i t a t i o n  t o  t h e  i d e a l i z e d  c o n d i t i o n s  
of continuous-wave e n s o n i f i c a t i o n  of  t h e  t a r g e t  o r  i n f i n i t e l y -  
narrowband r e c e p t i o n  of t h e  echo ( U R I C K  1975, CLAY and MEDWIN 
b977) .  Extens ion  of t heo ry  t o  t h e  g e n e r a l  c a s e  of t r a n s i e n t  
e n s o n i f i c a t i o n  of an e l a s t i c  sphe re  and r e c e p t i o n  of  t h e  echo by 
an i n t r i n s i c a l l y  wideband r e c e i v e r ,  which c h a r a c t e r i z e  o r d i n a r y  
u s e s  of echo sounders  and s o n a r s ,  t h u s  c o n s t i t u t e d  a  f i r s t  s t e p  
i n  t h e  s t u d y .  Confi rmat ion of t h e  expanded theo ry  and 
e x p l o r a t i o n  of d i f f e r e n t  c a n d i d a t e  m a t e r i a l s  f o r  t h e  c a l i b r a t i o n  
sphe re  was t h e  g o a l  of t h e  f i r s t  exper iment  of  t h e  p r o j e c t .  
The succes s  of t h e  experLment may j u s t i f y  t h e  somewhat i n c l u s i v e  
p r e s e n t a t i o n  of i t s  d a t a  h e r e .  A t  t h e  l e a s t ,  such d e t a i l e d  
dscumentat ion e s t a b l i s h e s  a s o l i d  founda t ion  f o r  t h e  f u r t h e r  
e x e r c i s e  of  t heo ry ,  a s  i n  s o l v i n g  t h e  d u a l  problem of s p e c i f y i n g  




o b t a i n e d  from P .  E r i cksen  A/S i n  Bergen. I t  i s  e l e c t r i c a l - g r a d e ,  
a t  l e a s t  99.9 pe r  c e n t  pu re ,  w i t h  p o s s i b l e  admixture of s i l v e r .  
I t  s a t i s f i e s  t h e  Norwegian m a t e r i a l s  s t a n d a r d s  NS l 6 0 1 0  o r  16011, 
which conform t o  t h e  I n t e r n a t i o n a l  S tandards  Organiza t ion  PS0 
Cu-ETP/Cu-FRHC and Cu-OF, r e s p e c t i v e l y .  The d e n s i t y  of t h e  
copper was o b t a i n e d  by measurement of a  c y l i n d e r  machined from 
t h e  sou rce  b a r  of  s e v e r a l  sphe re s .  This  y i e l d e d  8.942 i 0.002 
3  
g/cm . The mean s p h e r e  d i ame te r s  shown i n  Table  b were computed 
from t h i s  v a l u e  and measurements of t h e  m a s s .  Agreement of  
computed and d i r e c t l y  measured d i ame te r s  was e x c e l l e n t ;  t h e  
computat ions  e f f e c t i v e l y  se rved  t o  de te rmine  t h e  averages  of such 
measurements. Dev ia t ions  from s p h e r i c i t y  exceeded 0.03 m o n l y  
i n  two c a s e s ,  f o r  s p h e r e s  C U 4 0  and CUSOA, f o r  which t h e  g r e a t e s t  
d e v i a t i o n s  were abou t  0.05 mm. 
Other  machined s p h e r e s  a r e  d e s c r i b e d  i n  Table  2 .  The pe rcen tage  
a l l o y i n g  composi t ion of t h e  a c i d - f a s t  s t e e l  i s  17.5 er ,  12.5 N i ,  
and 2.7 Mo, w i t h  a  maximum carbon c o n t e n t  of 0 . 0 6 .  Th is  meets 
t h e  Swedish s t a n d a r d  SIS 2343 and U.S. s t a n d a r d  AISI 316, w i t h  
3  
nominal d e n s i t y  of  7.9 g/cm , The e x a c t  compss i t ions  of t h e  two 
o t h e r  s t e e l s  a r e  unknown. The b r a s s  i s  a c t u a l l y  ferromanganese 
bronze w i t h  pe rcen tage  a n a l y s i s :  6 0  Cu, 35.3 Zn, 0 .5  Pb, 1 Sn, 
0 . 4  A l ,  0.8 Fe, 2 Mn. Both t h e  s t a i n l e s s  and a c i d - f a s t  s teels  
and b r a s s  w e r e  chosen f o r  t h e i r  r e s i s t a n c e  t o  c o r r o s i o n .  The 
sphe re  des igna t ed  NYL6O was machined from Dupont Dura l in .  The 
d i ame te r s  of a l 1  sphe re s  i n  Table 2 were determined by ave rag ing  
s e v e r a l  measurements w i t h  a  micrometer.  The m a t e r i a l  d e n s i t y  was 
csmputed from cor responding  measurements OF m a s s  and d i ame te r .  
B a l l  b e a r i n g s  used a s  t a r g e t  sphe re s  a r e  d e s c r i b e d  i n  Table  3. 
These w e r e  ob t a ined  from t h e  Swedish B a l l  Bear ing Company, o r  
Svensk Kule lager  Fabr ikk .  The m a t e r i a l  composi t ion i s  steel ,  
b u t  t h i s  was n o t  t h e  same f o r  a l l  t h e  s p h e r e s ,  a l though  p r e c i s e  
q u a n t i t a t i v e  d i f f e r e n c e s  a r e  n o t  known. 
Each sphe re ,  w i t h  a  s i n g l e  excep t ion ,  was enmeshed i n  f i n e  s e i n e  
o r  a s p e c i a l l y  c o n s t r u c t e d  n e t  bag woven 0% monofilament nylon.  
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t h e  sphe re  was hung by a s i n g l e  l i n e  passed through t h e  bo re  and 
kno t t ed  on t h e  unde r s ide .  The type  of wrapping and t h i c k n e s s  of 
c o n s t i t u e n t  l i n e  a r e  shown w i t h  corresponding sphe re  i n  Tables  1-3. 
Also shown t h e r e  i s  t h e  t h i c k n e s s  of l i n e  used i n  suspending t h e  
sphere .  Typ ica l  examples of n e t  bags  w i t h  enmeshed sphe re s  a r e  
shown i n  F i g .  1. 
The sphe re s  were g e n e r a l l y  k e p t  i n  bucke t s  h a l f - f i l l e d  w i t h  a 
s o l u t i o n  of o r d i n a r y  household d e t e r g e n t  and f r e s h  wa te r  mixed i n  
t h e  approximate p r o p o r t i o n  of  1 t o  2 5 .  The use  of  a s e p a r a t e  
suspens ion  l i n e  f o r  each sphe re  a l lowed t h e  t r a n s f e r  from soapy 
b a t h  t o  wa te r  column benea th  t h e  measurement w e l l  t o  be  made 
w i t h o u t  d i r e c t  handl ing  of t h e  sphe re .  The we t t ed  s u r f a c e  was 
t h u s  main ta ined .  
Under measurement the t a r g e t  sphe re  was suspended a t  2 .5  m dep th  
on t h e  n e a r l y  common geometr ic  and a c o u s t i c  axes  of f o u r  
t r a n s d u c e r s .  These were a r ranged  i n  a t i g h t  c b u s t e r  on a 
s t a b i l i z e d  frame suspended a t  11.5 m dep th ,  w i t h i n  t h e  
r a f t - i s o l a t i n g  s e i n e  and d i r e c t l y  benea th  t h e  measurement w e l l ,  
looking  upwards toward t h e  s u r f a c e .  The geometry of measurement, 
s a n s  s e i n e ,  is shown i n  F ig .  2 .  
The b a s i c  hydroacous t i c  equipment c o n s i s t e d  of f o u r  p a i r s  of 
Simrad echo sounders  and t r a n s d u c e r s .  The echo sounders  were 
t h e  EX-38, EK-50, EY-M, and EX-120. A t  each nominal c e n t e r  
or o p e r a t i n g  f requency,  r e s p e c t i v e l y  38, 4 9 . 5 ,  70, and 1 2 0  kHz, 
t h e  correaponding t r ansduce r  had a full-beamwidth of 
approximately  20 deg. Because of t h e i r  r a t h e r  dense  c l u s t e r i n g  
on  t h e  suspended frame and u s e  of  a 9 m-range, t h e  beam p a t t e r n s  
were n e a r l y  c o i n c i d e n t a l  and c o n s t a n t  i n  t h e  v i c i n i t y  of t h e  
t a r g e t  sphe re .  P o s s i b l e  d e t r i m e n t a l  c s u p l i n g  e f f e c t s  between 
a d ~ a c e n t  a e t i v e  and p a s s i v e  t r a n s d u c e r s  were n o t  observed,  a t  
% e a s t  f o r  t h e  t r a n s m i t  p u l s e  d u r a t i o n  of 0 . 6  ms. Thls  w a s  
nomPna1Py t h e  same f o r  each echo sounder th roughout  t h e  
measurements. C i r c u i t r y  e f f e c t i n g  t ime-var ied g a i n  i n  t h e  
r e e e i v i n g  h a l v e s  of  each echo sounder  was bypassed.  The 
3 kHz-bandwidth f i l t e r s  of t h e  EK-38 and EX-12Q echo sounders ,  
(a) CU35C- (b) BBC60 
( c )  NYL6O (d) STL99 
Fig. 1, Examples s E  n e t  bags w i t h  emeshed spke rea .  Bimensians 
are Hndicated only appraximately owing to parablax. 




Fig .  2 .  Side-view of t h e  measurement c o n f i g u r a t i o n ,  showing one 
of f o u r  c l u s t e r e d  t r a n s d u c e r s  wi th  i ts  approximate beam 
pa t t e s n  . 
The echo sounders were t r i g g e r e d  pa i rwise  by s i g n a l s  genera ted  
i n  a  s p e c i a l l y - b u i l t  e l e c t r o n i c s  u n i t  whose t iming was c o n t r o l l e d  
e i t h e r  d i s c r e t e l y  by an e x t e r n a l  e l o c k ,  e . g . ,  time-code 
g e n e r a t o r ,  o r  cont inuous ly  by i n t e r n a l  c lock .  Pu l se  r e g e t i t l o n  
f r e q u e n c i e s  from 5 4  t o  5 9 4  p u l s e s  per  minute pe r  echo counder 
were a v a i l a b l e .  Given t h e  9 m a c t i v e  range and e n s o n i f i c a t i o n  
geometry, t h e  nominal r a t e  of 2 0 0  ppm p e r  echo sounder was used. 
Echoes were p r scessed  f i r s t  by t h e  r e s e i v i n g  u n l t s  of t h e  
i n d i v i d u a l  echo sounders  l e s s  t ime-varied-gain f u n c t i o n s .  The 
e a l i b r a t e d  o u t p u t  s i g n a l  of each echo sounder was f u r t h e r  
prosessed  by t h e  Simrad QD d i g i t a l  echo i n t e g r a t o r .  Thia 
esmputed t h e  energy conta ined  i n  t h e  echo from a s p e c i f i e d  range 
i n t e r v a l ,  s t o r e d  t h e  va lue ,  and p e r i o d i c a l l y ,  according  ts 
programmed i n s t r u c t i o n ,  computed t h e  v a r i o u s  s t a t i s t i c s  of  t h e  
echo energy.  These inc luded  t h e  mean, s t a n d a r d  d e v i a t i o n ,  and 
c o e f f i c i e n t  of v a r i a t i o n .  Computations were performed bo th  f o r  
t h e  immediately preced ing  series of e n s o n i f i c a t i o n s  and 
cumula t ive ly  f o r  a l l  e n s o n i f i c a t i o n s  from t h e  s t a r t  of a  
p a r t i s u l a r  sequence.  R e s u l t s ,  which were d i s c r i m i n a t e d  by echo 
seunder ,  were r a p i d l y  p r i n t e d  o u t  through t h e  i n p u t / s u t p u t  l i n k  
of  a  S i l e n t  700 t y p e w r i t e r  t e r m i n a l .  
Typ ica l  parameters  of  t h e  d a t a  c o l l e c t i o n  p r s e e s s  were 500 p ings  
p e r  p r i n t o u t  s e r i e c  and from two t o  t e n  p r i n t o u t  s e r i e s  p e r  
sequence.  Typ ica l  measurement sequences con ta ined ,  t h e r e f o r e ,  
from l000 t o  5000 p ings  p e r  echo sounder and l a s t e d  roughly from 
f i v e  t o  25 minutes .  The f r e q u e n t  t a b u l a t i o n  of d a t a  s t a t i s t i c s  
f a c i l i t a t e d  moni tor ing  of  t h e  o v e r a l l  measurement and d a t a  
g a t h e r i n g  p roces ses .  I n s p e e t i o n  of  t h e  c o e f f i c i e n t  of v a r i a t i s n ,  
f o r  i n s t a n c e ,  a l lowed immediate gauging of  t h e  q u a l i t y  of  d a t a ,  
e s s e n t i a l l y  c o n c u r r e n t l y  w i t h  t h e i r  c o l l e c t i o n .  Comparison of  
s u r r e n t  d a t a  s t a t i s t i c s  w i t h  t h o s e  of  e a r l i e r  measurement 
sequences  on t h e  same s p h e r e  e f f e c t e d  a s t r o n g e r  tes t  of  d a t a  
goodness . 
U s e  of a  four-channel  osc%%Loscope t o  moni tor  t h e  c a l i b r a t e d  
o u t p u t  s i g n a l s  was always hebpfu l  i n  r e s o l v i n g  o r  a n t i c i p a t i n g  
problems w i t h  t h e  d a t a  g a t h e r i n g ,  Add i t i ona l  u s e  of a  
two-channel s t r i p  c h a r t  r e c o r d e r  t o  d i s p l a y  t h e  echo energy from 
each of  t h e  two a l t e r n a t e l y  t r i g g e r e d  echo sounders  was 
s i r n i l a r l y  exped ien t  i n  t roub le - shoo t ing .  Exper ience gained i n  a n  
e a r l i e r ,  u n r e l a t e d  exper iment  w i t h  f i s h ,  b u t  w i t h  t h e  i d e n t i c a l  
equipment employed i n  t h e  p r e s e n t  i n v e s t i g a t i o n  proved t h e  v a l u e  
o f  b a t h  d e v i c e s  for d e t e c t i n g  such problems a s  i n t e r f e r e n c e  
caused by ex t raneous  b i o l o g i c a 1  s c a t t e r e r s  and t h e  o c c a s i o n a l  
i n f l u x  of  a i r  bubbles  e n t r a i n e d  by break ing  waves i n  t h e  a u t e r  
f j o r d  and t r a n s p o r t e d  t o  t h e  measurement s i t e  by t i d a 1  c u r r e n t s .  
The c o n f i g u r a t i o n  of  a c a u s t i c  and e l e c t r o n i c s  i n s t r u m e n t a t i o n  
d e s s r i b e d  h e r e  i s  s m a r i z e d  i n  F ig .  3. 
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Fig .  3 .  Equipment c o n f i g u r a t i o n .  
Measurements on t h e  same spheres  were made r e p e a t e d l y  over  a  
two-week pe r iod .  These were subsequent ly  c o l l e c t e d  and combined, 
if judged v a l i d .  The s r i t e r i o n  of v a l i d i t y  g e n e r a l l y  c o n s i s t e d  
i n  t h e  freedom of o b s e r v a t i s n s  from t h e  recorded o r  l i k e l y  
presenee  of ex t raneous  s c a t t e r e r s  near  t h e  t a r g e t  sphere ,  and t h e  
s u f f i c i e n c y  o f  p r e p a r a t i o n  of the sphere  s u r f a c e  by washing i n  a  
d e t e r g e n t  s o l u t i a n ,  
Because of t h e  nu&er of spkeres  and f requency-d ive r s i ty  of 
measurements, na a t t empt  w a s  made t o  e x t r a c t  a b s o l u t e  measures of 
b a c k s c a t t e r i n g  cross s e c t i o n s  from t h e  d i g i t a l  echo i n t e g r a t o r .  
I n s t e a d ,  t h e  measurements were cens ide red  t o  express  the 
b a c k s c a t t e r i n g  c r o s s  s e c t i o n  i n  r e l a t i v e  u n i t s ,  By means of t h e  
c o n f l m e d ,  extended a c o u c t i c a l  t h e s r y  mentioned i n  t h e  
I n t r o d u c t l ~ n ,  r e l a t i v e  numbers g iven  i n  QD-units i n  t h e  d a t a  
t a b u l a t i a n s  below may be conver ted  t o  a b s s l u t e  b a c k s c a t t e r i n g  
c r o s s  s e c t i o n s  by t h e  s c a l i n g  f a c t o r s  l i s t e d  i n  Table 4 .  These 
were de r ived  by camparing t k e o r e t i c a l  c a l c u l a t i o n s  and t h e  
measurements of t h e  mean 35 mm copper sphere .  
Table 4. Conversion f a c t o r s  f o r  expressing r e l a t i v e  measurements 
of backscatterbng c ross  s ec t i on  i n  abss lu te  u n i t s .  
Conversion f actor  





The pulse bengas and center frequencies of the transmitted 
signals were measured sevesal times in the course of the 
expesimenk. The averages of these are skswn in Table 5 .  
Variations did not exceed several per cent and are consequently 
not cecarded here. The magnitudes of the frequency respsnse 
functions were measured at the conclusion of the measurements. 
The phase parts for the EX-38 ,  EY-M, and EM-E20 echo sounders 
were measured later in the Simsad laboratory, but withsut 
trawsdueer-lsading. The effect of Isading on the phase function 
was assmed to be simple translation in frequency by the 
diffesenee in measured frequencies ~f greatest sensitivity with 
and without loading. In the absence of measurements, the phase 
function for the EK-50 ecko sounder was assumed to be identica1 
to that Q£ the EK-38 after appropriate frequency-shifting. The 
composite, field-measured magnitudes and frequency-shifted, 
laboratory-measured or sirnulated phases of the four frequency 
response functions are shown in Figs, 4-7. 
T a b l e  5. Fulse dura t iens  and center  f requencies  of t ransmit ted shgwals. 
Eeho Pulse durat ion (mc) Center frequency (kHzj 
souwder Nominal Measured Norninal Measured 





The l o c a l  hydrography was measured b e f o r e  and a f t e r  t h e  
exper iment .  I n t e r p o l a t i o n  of t h e  p a i r s  of measurements performed 
a t  t h e  2.5 m-depth of  sphe re  suspens ion  s p e c i f i e s  a mean 
tempera ture  of  13OC and mean s a l i n i t y  of  29 p p t .  This  
cornbination imp l i e s  a  medium d e n s i t y  of 1 . 0 2 2  g/cm3 and sound 
speed of 1493 m / s ,  accord ing  t o  D I E T R I C H  (1952) and DEL GROSS0 
(1974) ,  r e s p e c t i v e l y .  
STATISTICAL ANALYSES 
The above d e s c r i p t i o n  of t h e  d a t a  a n a l y s i s  i s  mos t ly  complete,  
b u t  b r i e f .  I t  i s  supplemented h e r e  by f u r t h e r  d i s c u s s i o n  and 
s e v e r a l  equa t ions  which may i n d i c a t e  a t  a  g l ance  j u s t  how t h e  
d a t a  were condensed. 
The fundamental  q u a n t i t y  o r  u n i t  of measurement i s  t h e  energy 
con ta ined  i n  t h e  t o t a l  echo from t h e  t a r g e t  sphere .  This  is  
d e f i n e d  a s  t h a t  c l e a r l y  d i s t i n g u i s h a b l e  p a r t  of  t h e  echo l y i n g  
above t h e  n o i s e  l e v e l .  I t  w a s  measured i n  r e l a t i v e  u n i t s  by 
s e l e c t i o n  of  a  s u f f i c i e n t l y  broad range  i n t e r v a l  f o r  echo 
i n t e g r a t i o n .  Background n o i s e  was due p r i m a r i l y  t o  two sou rces :  
s m a l l  b i o l o g i c a l  s c a t t e r e r s  i n  t h e  main lobes  of  t h e  echo sounder 
beams and t h e  l i n e s  suppor t ing  t h e  t r a n s d u c e r  frame i n  t h e  
sfdebobe r e g i o n s ,  The i n t e g r a t e d  r e v e r b e r a t i o n  i n t e n s i t y  o r  
n o i s e  energy w a s  seldom more than  one p e r  c e n t  of t h e  energy 
con ta ined  i n  t h e  echo from a  t a r g e t  sphere .  When t h e  
r e v e r b e r a t i o n l e v e l  w a s  h i g h e r ,  f o r  i n s t a n c e ,  when break ing  waves 
e n t r a i n e d  a i r  and f o r c e d  t h e  bubbles  down i n t o  t h e  i n t e g r a t i o n  
r e g i o n  06: t h e  sphe re  echo,  measurernentswere suspended u n t i l  t h e  
r e t u r n  of  more f a v o r a b l e  c o n d i t i o n s .  I n  a s i n g l e  e x c e p t i o n a l  
case of  s t r o n g  a e o u s t i c  resonance ,  t h a t  of  t h e  45 mm copper 
sphere when measured wi th  t h e  EK-120 eeho sounder ,  t h e  n o i s e  and 
s i g n a l  c s n t r i b u t i s n s  were comparable. For t h i s  c a s e  t h e  n o i s e  
energy was s u b t r a e t e d  from t h e  t o t a l  echo energy i n  c a l c u l a t i n g  
t h e  echo energy due t o  t h e  sphere .  The n o i s e  energy was 
o t h e m i s e  cons ide red  n e g l i g i b l e  and was n o t  s u b t r a c t e d  from t h e  
measured t o t a l  echo energy.  
Because of t h e  conduct  of measurements i n  sequences ,  which w e r e  
g e n e r a l l y  r e p e a t e d  a t  l e a s t  s e v e r a l  t i m e s  i n  t h e  eou r se  of t h e  
exper iment ,  it i s  convenien t  t o  deno te  a s i n g l e  measurement of 
echo energy a s  E i j where t h e  i - i ndex  deno te s  t h e  sequence 
number and t h e  j- index,  t h e  o r d e r  of  measurement w i t h i n  t h e  i - t h  
sequence.  A s  the number of measurements i n  any one sequence w a s  
never  less than  500  and a s  l i t t l e  c redenee  4 s  a t t a c h e d  $0 
i s s l a t e d  s i n g l e  measurements i n  exper imenta l  a c o u s t i c s ,  t h e  
measurements were combined du r ing  t h e i r  g a t h e r i n g .  The only 
q u a n t i t i e s  p reserved  by t h e  p r o g r a m a b l e  d i g i t a l  echs  i n t e g r a t o r  
a t  t h e  end of a p a r t i c u l a r  sequence were t h e  two lowest-order  
s t a t i s t i c a l  moments and t h e  nusnber of measurements. For  t h e  i - t k  
sequence of measurements on a g iven  sphe re  w i t h  a g iven  echo 
sounder  t h e  average  echo energy i s  
where ni is  t h e  number of measurements i n  t h e  sequence.  The 
s t a n d a r d  d e v i a t i o n  Si is  n a t u r a l l y  g iven  through t h e  e s t i m a t e d  
v a r i a n c e  
which i s  computed by t h e  form 
The c o e f f i c i e n t  of v a r i a t i o n  f o r  t h e  same sequence i s  expressed  
a s  a pe rcen tage ,  hence 
Repeated measurement sequences on t h e  same sphere  wi th  t h e  same 
echo counder were l a t e r  summarized through curnulative s t a t i s t i c s .  
These a r e  computed i n  each of two ways, a s  t h e  measurement 
sequences were regarded a s  independent o r  a s  t h e  i n d i v i d u a l  
measurements were regarded a s  independent.  
Case 1. Independent measurement sequences.  I n  t h i s  case  t h e  
average echo energy from a g iven  sphere  and echo sounder i s  
computed from t h e  equa l ly  weighted averaqes  of each a p p r o p r i a t e ,  
v a l i d  measurement sequence. Thus 
I Avel ( E )  = - 1 Ei I 
m i-1 
where m i s  t h e  number of v a l i d  measurement sequences.  The 
s t anda rd  d e v i a t i o n  SD1 (E)  is  computed s i m i l a r l y ,  v i z .  
Case 2 .  Independent measurements. The i n d i v i d u a l  measurements 
a r e  weighted e q u a l l y  h e r e ,  hence t h e  s t a t i s t i c s  of each 
measurement sequence a r e  weighted i n  p ropor t ion  t o  t h e  
c o n s t i t u e n t  number of measurements. Thus 
1 r r z i j  z %pi 
i-1 j - l  - 
- 
i==% Ave ( E )  = 2 m m 
and 
m n 1' r ri [Ei j - Ave2 ( E )  i 
2 i-1. j-1. S D 2  ( E )  = - 
m 
n i - l  
i - h  
m m 2 1 [ (n i -1 )S2  + n s E 2 ]  - 1 n.Ave2(E)  
2 i i i 1 i=l i-l SD2 ( E )  = m (9) 
\h. n i - l  
1-1 
The pe rcen tage  c o e f f i c i e n t s  of v a r i a t i o n  a r e  computed f o r  each of 
t h e  two c a s e s  a f t e r  t h e  d e f i n i t i o n  i n  Eq. ( 4 )  . 
SYNONYMY OF ENERGY AND BACXSCATTERING CROSS SECTION 
Betermina t ion  of  t h e  ecko energy i n  l i n e a r ,  i f  r e l a t i v e  u n i t s ,  
a l lows  i t s  d i r e c t  comparison f o r  d i f f e r e n t  sphe re s .  This  i s  
f u r t h e r  f a c i l i t a t e d  by t h e  cons tancy  of c o n d i t i o n s  of measurement 
th roughout  t h e  exper iment .  For t h i s  r ea son ,  t h e  measurements 
a l s o  s p e c i f y  t h e  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  i n  r e l a t i v e ,  b u t  
l i n e a r  u n i t s .  Express ions  of energy and b a c k s c a t t e r i n g  c r o s s  
s e c t i o n  i n  u n i t s  of t h e  QD d i g i t a b  echo i n t e g r a t o r ,  c a l l e d  
&B-uni ts ,  are t h e r e f o r e  e q u i v a l e n t  and pe rmi t  t h e i r  synonymous 
u s e  i n  t h i s  r e p o r t .  
The p r o p o r t i o n a l i t y  of ecks  energy and b a c k s c a t t e r i n g  c r o s s  
s e c t i o n  i s  a l s o  e v i d e n t  from t h e  d e f i n i t i o n  of b a c k s c a t t e r i n g  
c r o s s  s e c t i o n  a s  an echo sounder-observable  q u a n t i t y .  According 
t o  t h e  e x t e n s i o n  of t heo ry  mentioned i n  t h e  I n t r o d u c t i o n ,  which 
i s  d e s c r i b e d  b r i e f b y  i n  FBOTE -- e t  a%.  (198%) and f u l l y  i n  POQTE 
( 1 9 8 2 1 ,  t h e  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  i s  de f ined  o p e r a t i o n a l l y ,  
i n  terma of p h y s i c a l l y  r e a l i z a b l e  o p e r a t i o n s .  Thus, f o r  
e n s o n i f i c a t i o n  of a t a r g e t  by a t r a n s i e n %  s i g n a l  and o b s e r v a t i a n  
of the echo by an echo ssunder  o r  o t k e r  p h y s i c a l  d e v i s e  w i t h  
n o n - i n f i n i t e s l m a l  bandwidth, t h e  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  i s  
e s s e n t i a l l y  t h e  r a t i o  of echo energy t o  energy d e n s i t y  of 
å n c i d e n t  s i g n a l  a s  i t  would be  observed by t h e  same d e v i c e .  I n  
t e l p m s  of t h e  F o u r i e r  spectrum S(w) of i n c i d e n t  s i g n a l ,  f requency  
response  f u n c t i o n  o r  f i l t e r  c h a r a c t e r i s t i c  H ( w )  of t h e  r e c e i v e r ,  
and s c a t t e r i n g  ampli tude F  ( w )  of t h e  t a r g e t ,  t h e  b a c k s c a t t e r i n g  
c r o s s  s e c t i o n  a i s  (FOOTE -- e t  a l . ,  FOOTE 1982) 
where t h e  i n t e g r a t i o n  i s  performed over  t h e  e n t i r e  range  o% t h e  
f requency w.  The numerator,  hence o ,  i s  p r o p o r t i o n a l  t o  t h e  
energy conta ined  i n  t h e  echo a s  observed by t h e  r e c e i v i n g  h a l f  of 
t h e  echo sounde i .  For c o n s t a n t  c o n d i t i o n s  of o b s e r v a t i o n ,  
i n c l u d i n g  f i x e d  geometry, t h e  energy r a t i o  of eehoes from two 
sphe re s  a r e  equa l  t o  t h e  r a t i o  of t h e i r  b a c k s c a t t e r i n g  c r o s s  
s e c t i o n s .  Symbol ica l ly ,  
where Fl and F 2  a r e  t h e  r e s p e c t i v e  b a c k s c a t t e r i n g  ampl i tudes  of 
t h e  two t a r g e t s .  
ACOUSTIC MEASUREMENTS 
Measurements of echs  energy o r  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  
comprise t h e  p r i n e i p a l  a e o u s t i c  d a t a ,  Summaries 0% each 
measurement sequence f o r  each sphe re  a r e  p re sen ted  i n  Tables  6- 
3 4 .  The d a t a  a r e  g iven  un i fo rmi ly  i n  t h e  a r b i t r a r y ,  b u t  l i n e a r  
u n i t c  of t h e  QD echo i n t e g r a t o r .  The v a l i d i t y  of i n d i v i d u a l  
measurement sequences i s ,  f o r  averaging purpoaes , i n d i c a t e d  by 
t h e  weigkt  parameter  WT, which i s  a s s igned  accs rd ing  t o  t h e  
c r i t e r i a  desc r ibed  i n  M a t e r i a l s  and Methods. I n  %hor%, WT=1 
i n d i e a t e s  accep tance  of t h e  d a t a ,  w h i l e  WT=O d e s s r i b e s  t h e i r  
r e j e c t i s n .  S t a t i s t i c a l  summaries of v a l i d  sequences  a r e  
p re sen ted  a t  t h e  bottom of each t a b l e .  The csmputat ions  fo l low 
each of t h e  two schemes d e s c r i b e d  i n  S t a t i s t i c a l  Analyses ,  w i th  
t h e  p r e f e r r e d  scheme of independent ,  e q u a l l y  weighted measurement 
sequences  p laced  f i r s t .  The measurement sequences  of -- - 
r e v e r b e r a t i o n  energy o r  e q u i v a l e n t  b a c k s c a t t e r i n g  c r o s s  s e e t i o n  
a r e  p r e s e n t e d  i n  Table  35,  b u t  w i t h o u t  s t a t i s t i c a l  summary owing 
t o  t h e  unders tandably  b i a s e d  sampling e v i d e n t  from t h e  eomments. 
The s e v e r a l  s t a t i s t i e a l  analycea a r e  performed on t h e  d a t a  of 
Tables  6-34 and r ea r r anged  i n  T a b l e s  36-39 accord ing  t o  t h e  echo 
sounder  of measurement. The f i n a l  t h r e e  l i n e s  of  each of t h e s e  
t a b l e s  d e s c r i b e  t h e  r e s u l t s  of averag ing  v a l i d  measurements of 
each of t h r e e  sets of nominal ly  i d e n t i s a l  s p h e r e s .  These a r e  t h e  
i n t e g r a l  35 mm copper sphe re s  CU35A and CU35B; i n t e g r a l  50 mm 
copper  sphe re s  CU50A, CU50B, and CU5QC; and t h e  two 6 0  m 
a e i d - f a s t  s t e e l  sphe re s  STLGOA and STEGQB. 
R e l a t i v e  and a b s o l u t e  measures of b a e k s c a t t e r i n g  c r o s s  s e c t i o n s  
a r e  p r e s e n t e d  i n  ~ a b k s  40-43 f o r  each of t h e  f o u r  echo sounders .  
The r e l a t i v e  rneasures a r e  e x t r a c t e d  from t h e  c o l b a t i o n s  of 
Tables  36-39 by r e f e r r i n g  t h e  measurements t o  cor responding  
ave rages  of t h e  two i n t e g r a l  35 mm copper s p h e r e s .  The a b s o l u t e  
measures ,  denoted SB(CM**2), a r e  d e r i v e d  from t h e s e  by 
a p p l i c a t i o n  of t h e  convers ion  f a c t o r c  g iven  i n  Table  4 .  The 
b a c k s c a t t e r i n g  c r o s s  s e c t i o n s  a r e  a l s o  expressed  r e l a t i v e  t o  t h e  
r e s p e e t i v e  geomet r ic  c r o s s  s e e t i o n s  under t h e  heading SB/SGEOM. 
The t a r g e t  s t r e n g t h  d e c c r i b e s  t h e  a b s o l u t e  b a c k s c a t t e r i n g  c r o s s  
s e e t i o n  i n  u n i t s  of d e e i b e l s  accord ing  t o  t h e  d e f i n i t i o n  ( U R I C K  
where a is given  i n  u n l t s  of s q u a r e  meters .  
To p u t  t h e  v a s i a u s  measurernent sequences  of Tables  6-35 i n  
c o n t e x t ,  t h e  e n t i r e  t ime-h i s to ry  of measurements i s  p r e s e n t e d  i n  
Table 4 4 .  This  i s  expressed  i n  an a l t e r n a t i v e ,  more s e l e e t i v e  
manner i n  Pigs, 8-27. These a r e  eomposed of f i v e  sets of f o u r  
f i g u r e s  each ,  which a r e  g e n e r a l l y  d i s t i n g u i s h e d  by type  of sphe re  
and echo sounder .  Measurements of t h e  i n t e g r a l  copper  sphe re s  
a r e  p r e s e n t e d  i n  F igs .  8-11. The remaining copper sphe re s  w i t h  
t h r e e  i n t e g r a l  copper  s p h e r e s ,  CU35A, CU35B, and CUSOC, inc luded  
f o r  r e f e r e n c e ,  a r e  r e p o r t e d  i n  F i g s .  12-15. Measurements of t h e  
s teel  sphe re s  a r e  p re sen ted  i n  F i g s .  16-19 ; t h e  60  mm-diameter 
s p h e r e s ,  i n  F i g s .  20-23; and t h e  b a l l  b e a r i n g s  w i t h  s i n g l e  copper 
r e f e r e n c e  s p h e r e ,  CU35A, i n  F i g s .  24-27. The s t a n d a r d  e r r o r  of 
t h e  mean i s  n o t  shown i n  any of the f i g u r e s  because it is  
g e n e r a l l y  s o  s m a l l  a s  t o  l i e  w i t h i n  t h e  symbol. 
Waveforms of r ece ived  echoes  a s  d i s p l a y e d  on a moni tor ing  
o s c i l l o s c o p e  o r  CRT w e r e  photographed.  Represen ta t ive  examples 
f o r  v a r i o u s  sphe re s  a r e  p r e s e n t e d  i n  F i g s .  28-49. Represen ta t ive  
t r a n s m i t  s i g n a l s  of t h e  f o u r  echo sounders  a r e  p re sen ted  i n  
F i g .  50. These d i f f e r  from t h e  prev ious  CRT photographs  i n  
s e v e r a l  r e s p e c t s :  they  were t aken  o u t s i d e  of t h e  a c t u a l  
measurement p e r i o d  of the p r o j e c t ,  i n  f a c t ,  s i x  weeks b e f o r e  t h e  
f i r s t  s p h e r e  measurements were made; a d i f f e r e n t  u n i t  of t h e  
38 kHz echo sounder w a s  used ;  and t h e  s c a l e  s i z e  of t h e  f i y u r e s  
i s  d i f f e r e n t .  The poore r  q u a l i t y  of t h e  t r a n s m i t  s i g n a l s  
photographed d u r i n g  t h e  sphere  measurements p rec luded  t h e i r  u se  
h e r e ,  b u t  d i r e c t  comparisons of corresponding s i q n a l s  was 
f a v o r a b l e .  Except f o r  t h e  e x a c t  p u l s e  l e n g t h s  , c f .  Tabbe 5 ,  t h e  
f e a t u r e s  of corresponding waveforms a r e  i d e n t i c a l .  
CRITIQUE 
C o l l e c t i o n  of t h e  v a r i o u s  k inds  of d a t a  p r e s e n t e d  h e r e  w a s  
mot iva ted  by t h e  d e f i n i t i o n  of backsca t t e rbng  c r o s s  s e c t å o n  a s  an 
echo ssunder -observable  q u a n t i t y  . This  def i n i  t i o n  waa 
formula ted  a t  t h e  o u t s e t  of t h e  s t u d y  and i s  d e s c r i b e å  b r i e f b y  i n  
Ega. ( 9 ) .  AS a  consequence, a t  l e a s t  f o u r  d i f f e r e n t  k inds  of d a t a  
a r e  r e q u i r e d  t o  unders tand  echo sounder o b s e r v a t i o n s  of t a r g e t  
s t s e n g t h .  These a r e  enumerated h e r e  f o r  t h e  c a s e  of e l a s t i c  
s p h e r e s .  
1. Sphere c h a r a c t e r i z a t i o n .  The d i ame te r ,  d e n s i t y ,  and m a t e r i a l  
e l a s t i c i t y  a r e  fundamental  q u a n t i t i e s  i n  t h e  i d e a l i z e d  model 
of monochromatic o r  s ing le - f requency  s c a t t e r i n g  by e l a s t i c  
sphe re s .  This  work, whish i s  developed i n  FARAN (1951) and 
HICKLING (196%) and emended i n  minor deg ree  by 680BMAN and 
STERN ( l 9 6 % ) ,  among o t h e r s ,  i s  one of t h e  b u i l d i n g  b locks  of 
t h e  extended t h e s r y  . 
2 .  Medium c h a r a e t e r i s t i c s .  The d e n s i t y  and sound speed a r e  
a d d i t i o n a l  e s c e n t i a l  i n g r e d i e n t s  i n  t h e  b a s i c  model f o r  
a c o u s t i c  s c a t t e r i n g  by e l a s t i c  s p h e r e s .  Each q u a n t i t y  may be 
d e r i v e d  d i r e c t l y  from t h e  hydrography, o r  t empera ture  and 
s a l i n i t y ,  through such well-known r e f e r e n s e s  a s  DIETRICH 
(1952) and BEL GROSS0 (1374) ,  f o r  example. 
Transmit  s i g n a l .  Because r e c e p t i o n  of t h e  echs  i s  
accomplished by an  i n t r i n s i c a l l y  broadband r e c e i v e r ,  t h e  
s p e c t r a l  c o n t e n t  of t h e  p r e s s u r e  f i e l d  i n c i d e n t  on t h e  sphe re  
is  g e n e r a l l y  impor t an t .  I n  t h e  c a s e  of a  s imple  pu l sed  
s i n u s o i d  and o r d i n a r y  non-d ispers ive  c o n d i t i s n s ,  t h e  spectrum 
i s  determined cornpletely by t h e  p u l s e  l e n g t h  and c e n t e r  
f requency ,  i £  t h e  e f f e c t s  of rise-time and r i n g i n g  of t h e  
t r a n s d u s e r  can be  neg le s t ed .  
4 ,  Receiver  c h a r a c t e r i s t i c s .  The f requency response  f u n c t i o n  
d e s c r i b e s  t h e  f requency s e l e c t i v i t y  of t h e  r e c e i v e r .  This  
a l lows  de t e rmina t ion  of t h e  e f f e c t  of p re -de t ec t ion  s i g n a l  
p roces s ing  on t h e  echo waveform. 
S inee  the theo ry  of a c o u s t i c  s c a t t e r i n g  by e l a s t i c  sphe re s  does  
n o t  r e f e r  t o  t h e  manner of s u p p o r t  o r  suspens ion  of t h e  s p h e r e ,  
t h i s  waa noted i n  Tables  1-3 f o r  each sphe re .  A number s f  
measurements performed i n  t h e  cou r se  of t h e  p r e s e n t  s tudy  and i n  
o t h e r  s t u d i e s  demans t ra te  t h e  a c o u s t i c  n e g l i g i b i l i t y  of the 
large-mesh, n e t  bag-suspension method used h e r e ,  whether h a n h a d e  
or formed of f i n e  s e i n e .  
I n a p e c t i s n  of TabXe 5 and P i g s ,  4-7 shows a  d e f i n i t e  rnismatch of 
cor responding  t r a n s m i t t i n g  and r e c e i v i n g  h a l v e s  of s e v e r a l  echo 
sounders .  The f a c t  of the r e c e i v e r  f requency response  f u n c t i o n s  
having been measured incomple te ly  and then  under d i f f i e u l t  o r  
d o u b t f u l  c o n d i t i o n s  i s  s i g n i f i c a n t  f o r  two r easons :  t h e  f u n c t i o n s  
i n  F i g s .  4-7 a r e  approximat ions ,  and measurements of t h e  
b a c k s c a t t e r i n g  c r o s s  s e c t i o n s  a r e  n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  
of t h o s e  expected under  nominal o p e r a t i n g - c o n d i t i o n s .  This  l a s t  
c a v e a t  a l s o  a p p l i e s  t o  d i s c r e p a n c i e s  i n  t h e  a c t u a l  p u l s e  l e n g t h  
and c e n t e r  f requency of t h e  t r a n s m i t t e d  s i g n a l s  from t h e i r  nominal 
v a l u e s ,  c f .  Table .  5 .  
The s p e c i f i e d  v a l u e s  of t empera ture  and s a l i n i t y ,  thence  d e n s i t y  
and sound speed ,  a r e  s i m i l a r l y  nominal,  b u t  i n  t h e  s ense  of n o t  
having remained c o n s t a n t ,  b u t  having v a r i e d  over  t h e  two-week 
d u r a t i o n  of t h e  measurements. The v a r i a t i o n s  were sma l l ,  however, 
b u t  s t i l l  impose a l i m i t a t i o n  on t h e  u l t i m a t e  p o s s i b l e  agreement 
of t heo ry  and exper iment .  
Notwiths tanding t h e  s e v e r a l  c a u t i o n a r y  remarks,  t h e  p r e s e n t  d a t a  
a r e  c o n s i s t e n t .  Computations performed subsequen t ly  t o  t h e  
exper iment  have shown an exce1, lent  agreement w i th  exper iment  i n  
t h e  impor tan t  c a s e  of t h e  i n t e g r a l  copper s p h e r e s ,  whose 
e l a s t i c i t y  is known b e s t  of a l l  t h e  i n v e s t i g a t e d  m a t e r i a l s .  More 
r e c e n t  exper iments  and s e v e r a l  c a l i b r a t i o n  e x e r c i s e s  i n  which 
come of t h e  same spke re s  of t h i s  s tudy  were used have a l s o  
confirmed t h e  meacurements and shown t h e i r  c o n s i s t e n c y  wi th  
t heo ry  when a l lowanee i s  made f o r  t h e  p r e c i s e  c o n d i t i o n s  of 
o b s e r v a t i o n .  Resul-ks of t h e  va r ious  s t u d i e s  have been p re sen ted  
i n  p a r t  i n  PQQTE -- e t  a l . (1981) and FQOTE (1982) , and a r e  being 
e l a b o r a t e d  o r  pursued i n  o t h e r  r e p o r t ~  under p r e p a r a t i o n .  
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TABLES OF CALIBRASION SPHERE DATA ANB TXEIR STATISTICS 
TABLE 6. MEASUREMENTS OF ECHO ENERGY I N  QD-UNIT'S FOR SPHERE CU35A ( 1 ) *  
-m--------- Erno SOUNDEB e---------- 
EK-38 EK-50 EY-M EM-1 20 
NO DATE TIME E V E V E V E V NPPNG  fl COMENT 
1 19~980  1552 42.5 12 41.1 12 1000 1 
2 19~980  1558 30.4 18 31.7 10 500 1 
3 190980 1812 46.3 6 3ge8 10 500 1 
4 190980 1815 30.0 11 34.6 6 500 1 
5 210980 1303 43.4 6 32.2 9 500 1 
6 210980 1306 30.7 13 31.9 8 500 1 
7 210980 1801 41.1 6 29.7 7 500 1 
8 210980 1804 28.5 14 29.3 8 500 1 
9 230980 1341 42.6 5 34.4 7 500 1 
10 230980 1344 30.7 12 32.8 7 500 1 
11 230980 1500 30.1 10 31.4 7 500 1 
12 230980 1503 42,8 5 37.3 7 500 1 
13 260980 1324 30.1 21 34.4 14 500 1 
14 260980 1327 47,1 9 47.7 11 IQ00 1 
15 260980 1412 45.5 8 41.9 1 1  500 1 
16 260988 1415 30.0 19 34.1 14 500 1 
17 200980 1440 42.3 7 43.3 11 500 1 
18 260980 1443 30.7 23 33.4 15 500 1 
19 2b0980 1559 46.3 12 46.7 15 500 1 
20 260980 1603 33.2 36 37.9 33 500 O 
21 300980 1008 29.0 10 32.7 9 500 1 
22 300980 1011 44.9 7 41.6 1 1  500 1 
23 300980 1401 28.6 19 31.7 14 500 1 
24 300980 1404 42.2 8 33.7 13 500 1 
NO(E/I/) 11 12 11 12 
AVE(E/I/ 29.9 43.9 32.5 39.1 
SD(E/I/) . 8 2.0 1.6 5 .7 
V(E/I/) 3 5 5 15 
NO(E/EJ/) 5500 7000 5500 7000 
AVE(E/IJ/) 29.9 44.0 32.5 39.9 
SD(E/IJ/) 4.9 4.2 3.8 7.1 
V(E/EJ/) 16 1 Q i 2 18 
TASLE 7 .  MEASUREMENTS OF ECHO ENERGY I N  QB-UNITS FOR SPKERE CU35B ( 2 ) .  
-------------- ECEO SOUNDER ------------- 
EK-38 EK-50 EY -M EK- 1 20 
NO DATE TIME E V E V E V E V NPING WT COMMENT 
1 1 9 ~ 9 8 0  1602 31.2 12 34.1 8 1000 1 
2 1 9 ~ 9 8 0  1607 45.6 6 43.5 10 500 1 
3 210980 1310 30.9 10 30.6 7 500 1 
4 210980 1313 44.0 6 33.1 9 500 1 
5 230980 1349 31.4 12 32.9 10 500 1 
6 230980 1352 45.2 6 38.5 8 500 1 
7 230980 1508 44.2 4 36,7 10 500 1 
8 230980 1511 31.6 12 31.4 7 1500 1 
NO (E/E/  ) 4 4 4 4 
AVE ( E / I /  ) 31.3 
SB(E/I/) .3 
TABEE 8 EEASUREXENTS QF ELHO ENERGY I N  QD-UNITS FCZ S?HERE CU35B-( 3 ) e 
-----------e- ECHO SQiJNDER ------------m 
EK-3 8 EK-50 EIE-M EK- 120 
NO DATE T I E  E V E V E V E V NPING WT C O M E N T  
1 260980 1333 58.3 6 41.8 10 500 1 TILT 20 
2 260980 1334 15.8 30 36.8 14 5CO 1 TILT 20 
3 260980 1419 11.6 28 35.7 13 500 1 TILT 10 
4 260980 1422 57.5 5 44.8 1 1  500 1 TILT 10 
5 260980 1426 38.4 6 37.7 l 0  500 1 TILT 90 
6 260980 1429 38.6 19 25.4 21 500 1 TILS 90 
7 260980 1433 23-4 22 37.0 13 500 1 TILT O 
8 260980 1436 56.6 6 42.1 1 1  500 1 TILT O 
9 260980 1447 38.3 23 25.9 21 500 1 TILT 80 
l 0  260980 1450 38.6 6 39.5 1 1  500 1 TILT 90 
1 1  26098Q 1606 41 .4 33 28.7 35 500 1 TILT 90 
la 260980 laeg 4 1 ~ 4  17 42.5 16 500 1 TILT 90 
13 300980 1015 55.9 6 41.4 9 500 l TELT5 
14 300980 1018 24.9 I Q  35.9 '9 500 1 TILT 5 
15 390980 1031 59.0 6 39.5 8 500 1 TIET 45 
16 300980 1034 9.99 20 35.10 8 500 1 TILT 45 
17 300980 1039 39.9 8 24.3 9 500 1 TILT 9C 
18 300980 1042 39.2 5 34.7 8 500 1 TILT 90 
19 300980 1218 37.5 6 31.4 10 500 1 TELT 90 
28 308980 1221 38.5 14 24.4 10 500 1 'FILT 90 
21 300980 1228 29.9 17 35.9 8 500 1 TELT 0 
22 300980 l231 5'9.5 9 34 .O 12 500 1 TILT O 
23 308980 1344 28.5 17 36.7 1 1  500 1 TSLT 8 
24 3 0 ~ 9 8 0  1 347 56.1 6 29.8 15 500 1 T I L T O  
25 300980 1353 36.7 6 30.1 15 500 1 TILT90 
26 380980 1357 35.1 13 24.3 13  %as 1 TILT ge 
!JO( E/I/ ) 13 l 3 73 13 
AVE ( E/ I/ ) 28.9 48.7 31 - 2  37.6 
% D ( E / E / )  11 .1  9.8 5 * T  5.1 
V ( E / I / )  i 8 2 0 18 l4  
NO(E/IJ/) 6560 6500 6500 6500 
AVE(E/%J/)  28,9 48.7 31.2 37.6 
SD(Ed/%S/) 12.3 10,0 7.2 6-8, 
V( E/IJ/) 42 2 1 23 17 
TABLE 9 ,  MEASUREMENTS OF ECHO ENERGY I N  QD-UNITS FOR SPHERE CU35C+( 4 ) ,  
__--_---_-o_--- ECHO SOUNDER ------------- 
EK-38 EK-50 EY -M EM- 1 20 
NO DATE TIME E V E V E V E V NPING WT COMMENT 
1 2 3 0 9 8 0  1521 32.4 12 59.6 9 1000 1 
2 230980 1526 38.5 6 34.2 11 500 1 
3 230980 1713 31.6 14 58.2 8 1000 1 
4 230980 1721 38.4 6 33.7 10 l000 1 
5 230980 1729 31.9 12 61 .O 6 1000 1 
NB( E / I / )  3 2 3 2 
AVE(E/I/) 32.0 38.4 59.6 33.9 
SD(E/I/) .4 .1 1.4 .4 
V( E / I / )  1 O 2 1 
NO(E/IJ/) 3000 l500 3000 1500 
AVE(E/IJ/) 32.0 38.4 59.6 33.9 
SD(E/IJ/) 4.1 2.3 4.8 3.5 
V(E/IJ/) 13 6 8 1 O 
TABLE 10. MEASUREMENTS OF ECHO ENERGY I N  QB-UNLTS FQY SPHFRE CU356-( 5 ) .  
--------------- ECHO SOUNDER ----m-------- 
EK-3 8 EK-50 EY -M EI(-l 20 
NO DATE TIME E V E V E V E V NPING hT COMMENT 
1 260980 1341 30.5 41 33.0 25 500 1 TILT 10 
2 260980 1344 43.1 6 45.6 9 500 1 TILT 10 
3 300980 1023 29.4 12 32.4 9 500 1 TILT 10 
4 300980 1027 47.4 6 42.2 9 500 1 TILT 10 
5 300980 1046 40.7 6 36.5 12 500 1 TILT90 
6 300980 1050 26.3 15 29.7 12 500 1 TILT 90 
NO( E / I /  ) 3 3 3 3 
AVE ( E / I /  ) 28.7 43.7 31.7 41.4 
SD(E/I/) 2.2 3 4 1.8 4.6 
V (  E / I /  ) 8 8 6 11 
NO(E/IJ/) 1500 1500 15GO 1500 
AVE(E/IJ/) 28.7 43.7 31.7 41.4 
SD(E/IJ/) 8.C 3.8 5.6 5.6 
V(E/IJ/) 2 8 9 18 13 
TABLE 11. MEASUREMENTS OF ECHO ENERGY I N  QB-UNITS FOR SFFERE CU40 ( 6). 
--------------- ECHO SOUNJ'jER 
EK-3 8 EM-50 E'%-M EK- 120 
NQ DATE TIME E V E V E V E V NPING WT COMMENT 
1 190980 1611 30.4 16 8.94 25 1000 O JELLYFESH 
2 1 9 ~ 9 8 0  1618 34.8 17 58.6 7 1000 1 
3 210980 1318 29.6 8 7.78 15 500 1 
4 290980 1321 39,7 11 55.7 5 500 1 
5 230980 1356 30.1 6 8.58 11 500 1 
6 230980 1359 39.4 17 58.1 6 500 1 
7 300980 1141 35.4 13 56.3 7 508 1 
8 300980 1145 28.8 6 9.49 l 5  500 1 
NO(E/ I / )  4 3 4 3 
AVE ( E/ I/ ) 38,4 29.5 57.2 8.02 
SD( E / I / )  2.0 . 7 1.4 .86 
V ( E / E / )  5 2 2 1 0 
NO(E/IJ/) 2508 1500 2500 1500 
AVE (E/IJ/  1 38. 0 29 - 5  57.5 8.62 
SD(E/%J/) 5 e s  2.1 3 9 1.38 
V(E/IJ/) 15 7 7 16 
TABLE 12, E B S U R m N T S  OF ECHO ENERGY I N  QD-UNnS  FOR SPHEWE CU45 ( 7') a 
------m------ ECHO SOUNDER -c---- 
EK-3 8 EK-50 EY-M EK- l 20 
NO DATE TIME E V E V E V E V NPING WT COMMENT 
1190980 1624 84.1 1 1  27.3 1 1  580 1 
2 190980 1628 63.4 5 .59 48 500 1 
3 19~980 1749 64.5 4 ,48 49 500 1 
4 210980 1325 89.5 10 24.9 10 500 1 
5 240980 1328 61.6 5 '46 45 1000 9 
6 218980 1521 61.4 4 ;50 45 500 1 
7 218980 1545 60.8 6 .39 47 3000 1 
8 290980 1602 86.3 9 23.3 1 1  1000 1 
9 210980 l688 61.5 6 .40 50 5008 1 
10 290980 1645 59.9 5 .39 52 5000 1 
1 1  230980 1403 90.0 9 25.5 12 500 1 
12 238980 1407 64.1 4 .51 43 1080 1 
13 230980 1854 61.2 7 .46 59 14000 1 
l 4  2%0980 2011 89.2 12 25.2 1% 1000 1 
1% 230980 2616 60.3 8 .48 53 508 1 
16 300980 1128 84.8 9 24.1 1 1  500 1 
17 300980 1131 62.0 5 .4% 44 500 1 
NO (E/%/ 1 6 11 6 'l 1 
AVE(E/b/)  87.3 61 $9 25.8 -46 
S D ( E / I / )  2.6 1.5 1.4 .O6 
V( E / I /  3 2 5 13 
N O ( E / I J / )  40 O0 31500 4000 31500 
A V E ( E / I J / )  87.4 61,2 24.8 .44 
S D ( E / I J / )  9 *a  3.9 3.1 .%2 
V ( E / % J / )  1 1  6 13 5 1 
TABLE 13. MEASUREMENTS OF  ECHO ENERGY I N  QD-UNITS FOR SPMERE CUSOA ( 8). 
----------- ECHO SOUNDER ---------- 
EK-38 EK-50 ET-M EK-I 20 
N8 DATE T I E  E V E V E V E V NPING WT COMENT 
1 l90980 1637 111.0 6 108.0 4 500 1 
2 190980 1641 84.2 4 23.4 1 1  580 1 
3 190988 1644 83.5 3 23.3 8 560 1 
4 190980 1717 82.0 4 36.9 9 500 1 
5 190980 1421 113.0 7 108.0 3 500 1 
6 190980 1724 84.7 4 37*6 1 1  500 1 
4 210980 1340 76-6 5 33.1 8 500 1 
8 210980 1343 126.0 7 104,O 3 500 1 
9 238980 1425 111.6 7 105.0 5 500 1 
10 2%0980 1428 77.9 4 45,3 6 500 1 
1 1  260980 1348 6 42.6 1 1  560 1 
12 260980 1352 113.0 9 114.8 7 580 1 
13 380980 1155 115.0 4 104,O 5 500 1 
14 300980 1158 75*9  5 30.5 9 500 1 
NO (E/%/  ) 6 8 6 8 
AVE ( E/ P/ 114.8 88.1 187.2 34.1 
S D ( E / I / )  ?*-l' 3.2 3.8 8.1 
V(E/I/) 5 4 4 24 
N B ( E / I J / )  3000 4800 3000 4080 
A V E ( E / I J / )  114.8 80, l 107.2 34.1 
S D ( E / % J / )  9.8 4.6 6.2 8.3 
V( E/IJ/ ) 9 6 6 24 
TABLE 14. MEASUREMENTS OF ECHO ENERGY I N  QD-UNITS FOR SPHERE 
-------------- ECHQ SOUNBER ---------m 
EK-38 EK-50 EY-M EK- 'l 20 
NO DATE TIME E V E V E V E V 
1 1gog80 1648 83.1 4 13.8 13 
2 19~980 1652 96.3 7 122.0 2 
3 190980 1703 82.5 4 12,8 14 
4 190980 17Q6 89.4 7 121.0 3 
5 190980 1727 83.9 4 13.7 12 
6 210980 1347 117.0 8 116.0 4 
7 210980 1350 77.3 5 15.7 11 
8 230980 1437 77.6 4 15.4 1 1  
9 230980 1441 122.0 5 114.0 4 
10 260980 1356 119.0 10 122.0 8 
1 1  260980 1400 81.9 4 19.5 15 
12 300980 1203 75.5 5 14,2 l4 
13 300980 1206 109.0 6 113.0 4 
N O ( E / I /  6 7 6 7 
AVE ( E/ I/ 108.8 80.3 118.0 15 .O 
S D ( E / I / )  13.3 3.4 4.1 2.2 
V( E / I /  12 4 4 15 
N O ( E / I J / )  3000 3500 3000 3500 
A V E ( E / I J / )  108.8 80.3 118.0 15 .O 
S D ( E / I J / )  14 .6 4.6 6.6 2.9 
V ( E / I J / )  13 6 6 19 
TABLE 15. MEASUREMENTS OF ECHO ENERGY I N  QD-UNITS FOR SPHERE 
-g--i-i_)---SSi ECHO SOUNDER ---------w- 
EK-38 EK-50 U - M  EK- 120 
NO DATE T I M E  E V E V E V E V 
1 190980 1655 81.2 8 143.0 4 
2 190980 1659 87.4 4 33.0 7 
3 190980 1710 81.3 6 141.0 3 
4 190980 1713 87.6 4 34.1 8 
5 210980 1354 81 -5 4 33.5 6 
6 210980 1357 83.4 5 135.0 2 
7 230980 1445 84.5 8 135.0 5 
8 230980 1449 83.5 4 35.6 '7 
NQ(E/P / )  4 4 4 4 
AVE(E/E/)  82.6 85 ,O 138.5 34.0 
S D ( E / I /  1 1 ,6 3.0 4,i 1 ,l 
V(E/%/ )  2 4 3 3 
N O ( E / P J / )  2000 2000 2000 2000 
A V E ( E / I J / )  82.6 85 .O 138.5 34.0 
S D ( E / I J / ?  5*8 4.3 6.2 %,t3 
V ( E / I J / )  '9 5 4 8 
























TmLE "1. MEASUREMEMTS OF ECHO ENERGY I N  QD-UNIT'S FOR SPHERE CU50C (11).  
------------ ECHO SQUNDEB 
EK-38 EK-50 Id%--M EK- 1 2Q 
NO BATE TIME E V E V E V E V NPING WT COMENT 
1 260980 1404 82,8 5 29.3 12 500 1 
2 268980 1407 193.0 8 119.0 6 $00 1 
3 260980 1454 78.8 6 22.6 46 500 1 
4 260980 1525 85.6 5 27.3 14 500 1 
5 260980 1529 120.0 10 132.0 9 1500 1 
6 300980 1148 72-9 4 17.5 10 500 1 
7 300980 1152 95.2 9 112.0 5 5QQ 1 
8 300980 1210 117.0 6 112.0 6 560 1 
9 300980 1213 76,5 4 22.8 10 500 1 
NO(E/I/) 4 5 4 5 
AE(E/E/ 111.3 79.3 118.7 23.9 
SD(E/E/ 11.1 5*0 9.4 4.6 
V(E/I/) 1 Q 6 EI 4 9 
NO(E/EJ/) 30 O0 250 O 3000 2500 
AVE(E/EJ/) 114 .% 79.3 123.2 2% e g  
SD(E/EJ/ 13.6 5.9 13.2 5 *% 
V(E/EJ/ ) 12 7 11 22 
SABLE 17. MEASUREENTS OF ECMO ENERGY I N  QD-UNITS FOR SPHERE CU6O (12) .  
ECHO SOUNDER 
EK-38 EK-50 EY-M EK-120 
NO B A T U I E  E V E V E V E V NPING WT C Q M N T  
1 230980 1531 26,0 7 114.0 6 500 1 
2 230980 1534 140.0 4 103.0 4 500 1 
3 230980 1737 156.0 5 106.0 5 500 1 
4 230980 1745 25.6 7 107.0 6 500 1 
5 300980 1120 25-3 6 2 . 0  g 500 1 
6 300980 1123 149.0 7 102.0 5 5QO 1 
7 300980 1236 25.1 7 111.0 8 500 1 
8 360980 1239 150.0 8 104.0 6 1500 1 
NO (E/$/ 4 4 4 4 
AVE ( E/I /  1 153.7 25.5 103.7 113.2 
SD( E / I /  5 .2 . 4 1.7 5.9 
\%(E/$/) 3 2 2 5 
696(E/%d/) 3000 2006 3000 2800 
AE(E/IJ / )  152.5 26;. 5 103,8 113.2 
SD( E/TEJ/ ) 11.1 4,8 5.7' 9.9 
V( E/PJ/)  7 7 6 9 
NO DATE TIME 
1 170980 1756 
2 170980 
E a O  SOUNDER --.--------- 
EK-38 EK-50 EY-M EK-120 
E V E V E V E V 








. , - . - - . , 
TBBLE 19. MEASUREMENTS OF ECHO ENERGY I N  QD-UNTTS FOR SPHERE 
--I--.m--.---- ECHO SOUNDER ----------- 
EK-38 EK-50 EY -M EK-120 
NO DATE TIME E V E V E V E V 
1 170980 1340 113.0 17 1.51 46 
2 170980 1146 86.3 12 43.4 9 





















TABLE 21 . MEASUREMENTS OF ECH O ENERGY IN QD-UNSTS FOR SPHERE AS130 (24) 
.__--_I---------- ECHO SOUNDER ------------ 
EK-3 8 EK-50 F f - M  EK-120 
NO DATE TIME E V E V E V E V NPINC WT 
. - -  - 
399.0 14 1000 1 
1 1  
- - e  
1000 1 
r r n n  4 
. -
1 180980 2035 121.0 5 
2 18~980 2040 560.0 5 499.0 
3 180980 2047 129.0 3 3yb.u 3 3uu I 
4 18~980 2157 520.0 7 507.0 7 1500 1 
5 180980 2205 132.0 10 594.0 5 1000 1 
6 190980 955 553.0 3 507.0 9 500 1 
7 190980 958 130.0 6 438.0 12 1000 1 
8 210980 1443 114.0 10 362.0 13 500 O 
g 210980 1446 562,O 6 459.0 11 500 1 
10 230980 1626 534.0 6 466,O 8 500 1 
1 1  230980 1630 134.0 8 357.0 5 500 1 
12 230980 1808 121.0 5 361 .O 7 500 1 
13 230980 1811 564.0 6 494.0 4 500 1 
NO(E/I/) 6 6 6 6 
AVE ( E/I/ ) 548.8 127.8 488.7 424.2 
SD( E/I/ 17.9 5.6 2l.O 88.3 
V(E/I/) 3 4 4 21 
NO(E/IJ/ 4500 4500 4500 4500 
AVE ( E/IJ/ 543 .7 127.8 493 . 9 441 .8 
SD(E/IJ/) 36.9 10.2 45.9 94.7 
V( E/IJ/) 7 8 9 21 
TABLE 22. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE RS130 (25 
,,U---------- ECHO SOUNDER ----m------- 
EK-38 EK-50 Ff -M EK- 128 
NO DATE TIME E V E V E V E V NPING- WT 
1 180980 1900 295.0 7 45.2 29 14000 1 
2 18~980 2023 545.0 4 863.0 3 1000 1 
3 18~980 2029 261.0 3 67.7 12 500 1 
4 18~980 2145 323,O 4 98.3 24 1000 1 
5 180980 2151 505.0 4 783.0 5 500 1 
6 190980. 933 498.0 6 868.0 8 1000 1 
7 190980 938 329.0 6 77.0 30 1500 o 
8 190980 947 522.0 4 912.0 2 1000 1 
9 190980 1027 518.0 4 860.0 8 500 1 
10 190980 1030 312.0 5 119.0 22 2000 O 
11 190980 1151 51 1.0 3 771 .O 4 3000 1 
12 190980 1207 315-0 3 146.0 6 1800 1 
l3 230980 1617 452.8 8 71.1 12 $00 1 
14 230980 1621 464.0 4 918.0 3 560 1 
15 230980 1817 479.0 5 837.0 9 500 1 
16 230980 1822 306.0 3 108.0 12 500 1 
17 230980 2141 %%$.O 7 67.2 30 500 O 
18 230980 2145 452.0 7 872.0 1 1  500 1 
19 230980 2148 345e0 3 58.6 24 3000 1 
20 300980 1362 2619.0 4 65.0 13 1580 1 
21 300980 1310 499.6 16 761.0 4 2880 1 
NO (E/I/ ) 16 8 1 O 8 
AVE(E/I/ 499.3 320.2 844.5 82.5 
SD(E/I/) 27',9 60.2 55.8 32.8 
V(E/I/) 6 l 9  7 40 
NO(E/IJ/) 10560 22000 10500 22000 
AVE(E/IJ/) 505.2 305 *O 820.3 57.9 
SD(E/IJ/) 36e1 35.8 73.0 27.8 





TABLE 23. MEASUREMENTS OF ECHO ENERGY I N  QD-UNITS FOR SPHERE SS130 (26).  
------------- E r n o  SOUNDER ----------- 
EK-3 8 E-50 Ex-M. EK- 1 20 
NO BATE TIME E V E V E V E V NPING WT COMENT 
1 188980 2059 366-0 4 517.0 4 2008 1 
2 18~980  2910 241,O 5 957.0 3 1000 1 
3 180980 21 17 381.0 3 563.0 4 500 1 
4 190980 1007 359.0 2 508.0 4 1500 1 
5 190980 1014 293.0 6 830.0 2 2000 1 
6 216980 1435 2'79.0 4 729.0 7 500 O SOAP-5 
7 210980 1439 349.0 4 412.0 7 500 1 
8 230980 1638 363.0 6 415.0 6 500 1 
9 230980 1643 282.0 6 836,O 7 1000, 1 
10 230980 1826 365.0 5 444,O 7 56Ci 1 
11 230980 1829 294,O 5 864.0 8 5001 1 
12 308980 1249 279.0 5 830,O 5 5001 1 
13 300988 125% 359.0 2 394e0 11 500 1 
14 308980 4334 367.0 4 433.0 10 500 O TURNED 90 
15 300980 1334 275.0 10 763.0 6 1000 O TURNEB 96 
16 306980 1408 356.0 5 433.0 9 500 1 
17 300980 1412 3Q2.0 6 741.0 7 500 1 
18 308980 1735 355.0 6 456.0 7 500 1 
19 300980 1739 322,O 4 824.0 5 500 1 
20 300980 1742 324.0 7 842.0 5 500 1 
21 300980 1745 350.0 3 497.0 3 500 1 
NB(E/I / )  8 1 0 8 10 
AVE(E/I / )  295.9 360.3 84Q. 5 463.6 
S D ( E / I / )  19.3 9.3 59.2 55.3 
TABLE 24. MEASUREMENTS OF ECHO ENERGY I N  QD-UNITS 
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TABLE 25. MEASUREKNTS OF ECHO ENERGY I N  QD-UNFPS FOR SPHERE BRSGOT(32 ) 
------------- ECHO SOUNDER m----------- 
EK- 120 
E V NPENG WT COMMT 
60,00 8 10QO i 
l000 1 
62.10 8 500 1 
59.20 7 500 1 
2500 1 
35.50 12 1000 1 
1000 1 
32.40 10 500 1 
9.53 14 100Q l 
1800 1 
l0,00 13 500 1 
13.60 l4 1500 1 
'I500 1 
500 O D R E D  
2.25 29 2000 0 D R E D  
500 O B R E D  
7.22 18 500 1 
500 1 
12.60 16 1000 1 
1000 1 
12.40 13 500 1 
500 1 
9.24 18 500 1 
500 1 
16.00 l3 500 1 
1000 1 
12.00 15 1000 1 









































AVE ( E/ I/ ) 
SD( E/E/ ) 
V( E / I /  ) 
NO(E/HJ/)  
AVE(E/EJ/ 
SD(E /EJ /  
V ( E / E J /  ) 
TABLE 26. MEASUREMENTS O F  ECHO ENERGY I N  QD-UNITS FOR SPHERE 
--------------- ECHO SOUNDER 
EK- 1 20 










































N O ( E / I / )  
TABLE 27. NEASUREMENTS OF ECHB ENERGY IN QD-UNITS FOR SPHERE NYL6O (34). 
I------------- ECHO SOUNDER --- --- ---  
EK- 1 20 
E V NPING WT C O M E N T  
155.0 6 1500 O NH4-5 
1000 O NH4-5 1416 
148.0 5 500 O NH4-5 1416 
146.0 5 l006 1 
1000 1 
500 l 
164.0 6 500 1 
141 .O 8 14000 1 
123.0 4 1000 1 
1000 1 
144.0 5 1000 1 
1000 1 
169.0 6 500 1 
50Q 1 
185.0 4 500 1 
500 1 
560 1 
194.0 6 500 1 
180.0 5 500 1 
500 1 
500 1 











































AVE ( E/-K/ ) 
S D ( E / I / )  
V(E/I/) 
N6(E/IJ/ > 
AVE ( E/IJ/ > 
SD( E / I J /  1 
V ( E / I J / )  
165 .O 5 500 O MQVED 8CM E 
500 Q MOVED 8CM E 
TABLE 28. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE ZN60 (359. 
I------------- ECHO SOUNDER ------ --- - 
EK-38 EK-50 EY-M EK- 120 
NO DATE TIME E V E V E V E V NPING WT COMMENT 
1 170980 1317 101.0 15 48.9 13 1008 O NM4-5 
2 170980 1323 120.0 4 6.56 19 1000 O NH4-5 1317 
3 170980 1328 124.0 9 53.5 10 500 Q NH4-5 'l 314 
4 170980 1519 94.9 5 7.75 19 1000 1 
5 170980 1524 143.0 7 54.3 7 2000 1 
6 170980 1535 92.9 4 8.84 l6 500 1 
7 180980 1046 90.4 4 8.46 16 500 1 
8 180980 1050 144.0 5 .O Q 500 O EY-M OFF 
9 18~980 1105 87.9 5 8.15 16 2000 1 
10 18~980 1115 137.0 8 45.6 6 1000 1 
11 180980 1355 91-9 4 8.51 16 1000 1 
12 180980 1401 144.0 6 49.2 6 1000 1 
13 180980 1407 92.8 4 8.96 16 1500 1 
14 180980 1416 144.0 7 48.2 6 500 1 
15 190980 ,1408 145.0 11 52.5 12 500 1 
16 190980 1411 91.9 7 13.70 20 500 1 
17 190980 1738 96.1 12 40.3 8 500 O RESOAKED 
18 190980 1742 93.3 3 9.94 14 500 1 
19 190980 1805 148.0 5 35.7 10 500 1 
20 190980 1808 102.0 4 . 10.20 16 500 1 
21 230980 1701 92.6 3 7.32 21 500 1 
22 230980 1705 147.0 6 51.7 6 500 1 
23 230980 1750 89.7 4 6.94 18 500 1 
24 230980 1754 144.0 7 51.9 6 500 1 
25 230980 2034 141,O 6 48.5 8 500 1 
26 230980 2838 89.7 5 8.79 15 500 1 
27 260980 1545 104.0 5 7.36 29 500 1 
28 240980 1548 148,O 9 55.2 12 500 1 
29 260980 1702 142.0 18 38.7 26 500 1 
30 240980 1705 99.9 6 11.50 26 500 1 
31 260980 1708 143.0 10 49.4 1 1  500 1 
32 300980 1055 152,O 11 48-8 9 500 1 
33 300988 1058 95.2 6 8.70 20 500 1 
NO(E/I/) 13 15 13 15 
AVE ( E/I/ 9 144.5 93.9 48,4 9.01 
SB(E/I/ 3.7 4.6 5.7 1.76 
V(E/I/) 3 5 12 20 
NO( E/IJ/ 9 g000 1 1000 gQ00 1 1000 
AVE( E6Id/ 9 143*8 93 - 0 498% 8.81 
SB(E/IJ/) l%.9 6 .  l 6 e 9 %,l9 
V(E/PJ/9 9 7 i 4 25 
TABLE 29. MEASURENENTS OF ECHO ENERGY I N  QD-UNITS F O R  SPHERE SKF1.5(411. 
-------m- ECHQ SOUNDER ------------ 
EK-38 EK-50 EY-M EK-120 
NO DATE TIME E V E V E V E V NPING WT COMbENT 
1 160980 2.239 19.3 26 5.47 16 500 1 
2 460980 2242 28.9 46 2 27 500 Q 
3 470980 913 22,l 23 6,99 44 2500 O 
4 170980 924 25=4 9 24.5 13 1SOQ 1 
5 170988 933 2Qe2 12 6,13 18 500 4 
6 170980 1015 19.7 16 5.95 21 1000 1 
7 170980 1020 22.8 8 19.0 l0  1000 1 
8 170980 1814 24.0 9 23.1 10 1000 1 
9 170980 1820 19.7 35 6.53 41 1000 O FISH 
10 170980 1828 24.1 9 24.1 11 1000 1 
11 170980 1833 19.0 18 6.02 19 1000 1 
NQ(E/I/) 4 4 4 4 
AVE ( E/ I /  1 19.5 24.1 5.89 21.9 
SB(E/I/ 1 .5 1.1 29 2,2 
V( E/I/ 1 3 4 5 9 Q 
NQ(E/IJ/ > 3080 40 80 3000 4000 
AVE(E/%,T/) 19*5 24,l 5.92 29.9 
SD(E/%J/) 3.5 2*3 4 . l5  4.1 
V( E/IJ/ 1 18 1 0 19 14 
TmLE 30. MEASUREENTS OF ECHQ ENERGY EN QD-UNITS FOR SPHERE SKF'2A (42) 
-----m--------- ECHQ SOUNDER ------------ 














AVE ( E/ I/ 1 
SD(E/Z[/ 






E V NPING WT CQMENT 
21,g 13 1000 1 
1000 1 
22.2 13 500 1 
1000 1 
TABLE 31. MEASUREMENTS OF ECHO ENERGY I N  QD-UNITS FOR SPHERE SKF2B (43) .  
_------------ ECHO SOUNDER ---------- 
EK-3 8 EK-50 EY -M EK-120 
NO DATE TIME E V E V E V E: V NPPNG WT COMMENT 
1 160980 1557 35.2 7 15*3 15 1000 1 
2 160980 1603 55.5 9 57-2 6 1000 1 
3 160980 1609 35e9 7 16.4 12 500 1 
4 160980 1643 54.8 12 57.0 7 1000 1 
5 160980 1650 35.4 8 15.4 14 580 1 
6 160980 1803 34.9 7 15.8 14 1000 1 
7 160980 1808 55.2 11 55.3 10 1000 1 
8 160980 1814 35.4 8 15.9 14 500 1 
9 160980 1981 33.3 8 14.4 12 14000 1 
10 160980 2020 56.0 15 53.6 13 1000 1 
11 160980 2110 35.5 9 12.3 15 1000 1 
12 170980 938 60.5 8 54.3 7 1000 1 
13 170980 944 35*2 6 15.3 11 1000 1 
14 178980 958 59.8 12 53.9 11 500 1 
15 170980 1047 30.9 6 12.8 12 500 1 
16 170980 1050 55.6 9 51.2 10 500 1 
17 170980 1236 55.5 20 50.2 21 500 1 
18 170980 1240 32.5 10 14.5 12 500 1 
19 170980 1243 54.2 17 49.5 19 500 1 
20 170980 1333 52.5 12 50.2 8 500 1 
21 170980 1337 35.2 8 14.5 18 500 1 
22 170980 1436 33.8 9 15.1 14 500 1 
23 170980 1439 54.5 12 50.9 8 500 1 
24 170980 1617 56.0 12 51.2 8 500 1 
25 170980 1620 32.5 15 15.0 15 580 1 
26 170980 1624 52.1 13 49.0 7 1500 1 
27 170980 1701 34.9 12 15.8 16 500 1 
28 178980 1705 54.6 i l 53.2 7 1500 1 
29 180980 1154 31.9 7 15,2 12 1600 1 
30 180980 1201 54.4 8 49.7 6 1000 1 
31 180980 1817 65.3 26 . 54.7 10 500 1 
32 188980 1820 36*9 9 15.7 21 500 1 
33 180980 221% 35.8 23 16.4 23 5000 O FISH 
34 180980 2250 68.0 24 53.4 17 5000 O FISH 
35 190980 911 36.8 5 17.7 14 500 1 
36 190980 915 58.1 10 54.8 6 1000 1 
37 190980 920 36,2 6 17.7 15 500 1 
38 190980 1139 35.0 6 16.2 15 500 1 
39 190980 1144 56.3 18 51.9 6 4808 1 
40 190980 1356 .O 8 15.2 14 500 O EK-50 OFF 
SABLE 31. (CONTINUED) 
41 190980 1359 
42 190980 1403 56.1 8 
43 190980 1828 
44 190980 1831 54.9 9 
45 210980 1255 55.3 10 
46 240980 1259 
47 210980 1407 55.1 7 
48 210980 1404 
49 210980 1513 
50 210980 1516 57.9 20 
51 210980 1538 54.6 6 
52 210980 1541 
53 210980 1753 54.3 8 
54 210980 1756 
55 230980 1453 
56 230980 1456 55.1 6 
57 300980 1750 
58 300980 17% 51.6 8 
NO (E/P/ 9 27 
AVE ( E/%/ ) 55*8 
SB(E/%/) 2.7 
V( E/I/ ) 5 
NO(E/IJ/) 19500 
AVE(E/IJ/ 55.6 
SD(E/IJ/ 9 7.2 
V( E/ZJ/ 13 
TABLE 32. MEASUREENTS OF E m 0  ENERU EN QD-UNIT3 FOR SPHERE HOFFN2(44). 
-----e----- Erno SQUNDER e----------- 
EK-38 EK-58 Cf-EI EK- 120 
NO DATE TIME E V E V E V E V NPINC WT COWMT 
1 160980 1746 36.6 6 44.7 7 1000 1 
2 i60980 1752 .44,9 1 1  49.3 8 IOQO 1 
3 160980 1758 %6.3 7 49.0 9 500 l 
4 160980 1851 43.9 10 49.4 7 500 1 
5 160980 1854 34.7 6 47.0 8 500 1 
6 190980 1819 47.4 1 1  48.3 6 500 O RESelAKEB 
7 190980 1822 35.9 8 45-4 1 1  1000 1 
NO(E/I/) 2 4 2 4 
AVE(E/I/ 9 44,4 35.9 49.3 46-8, 
SD(E/%/) -7 .8 .i i ,9 
V( E/I/ 1 2 2 0 4 
NO(E/IJ/) 1500 3000 1500 3000 
AVE(E/IS/ 9 44.6 36.0 49.3 46.0 
SD(E/IJ/) 4.8 2.6 3.8 4,4 
V(E/IJ/) 11 7 8 1 O 
TABLE 33. MEASUREENTS OF ECHO ENERGY I N  QD-UNIT'S FOR SPHERE 
---I-- ------ Erno SOUNDER -------w---  
EK-38 EK-50 EY-M EK- l20 
NO DATE TIME E V E V E V E V 
1 160980 1730 86.8 4 61.9 4 
2 160980 1736 99.3 10 91.3 10 
3 160980 1742 87.7 4 64.7 6 
4 160980 1835 85,5 5 60,1 7 
5 160980 1840 98.2 7 88.0 6 
6 160980 1846 85.6 5 60.4 7 
7 160980 2138 99,9 11 86,3 8 
8 160980 2143 87.6 4 65.2 7 
9 170980 955 89.8 15 81.7 10 
10 170980 1001 74.2 4 56-3 9 
11 170980 1007 88.0 8 82.7 6 
1% 180980 1122 100.0 5 78.7 5 
13 18~980  1129 81.0 4 56*4 9 
14 190980 1459 86.2 4 58.4 8 
15 190980 1520 101.0 7 83.0 6 
16 190980 1529 86.8 4 55.9 7 
NO(E/I/) 7 9 7 9 
AVE(E/I/ 96.6 84.6 84.5 59.9 
SD(E/I/) 5.4 4.4 4 * 3 3.5 
V( E / I /  6 5 5 6 
NO( E/P,P/) 7QOO 1 O000 7QOO 10008 
.AVE(E/EJ/) 97.5 84.6 84.5 59.1 
SD(E/IJ/) 10.1 5.2 7.5 5.3 
V(E/IJ/) 10 6 9 9 


















TABLE 34. MEASUREMENTS OF ECHO ENERGY I N  QD-UNITS FOR SPHERE CMP2 5 (46 
---e- Erno SOUNDER m----------- 
EK-3 8 EK-50 EY-M EK- 120 
NO DATE TIME E V E V E V E V NPING WT CQMMENT 
1 160980 2149 187.0 11  43.4 l6 1000 O DRY 
2 160980 2155 41.8 29 71.7 19 186Q O DRY 
3 160980 2221 19.5 25 68.4 11 500 1 
4 168980 222% 105.0 5 30.1 13 500 1 
5 180980 1437 100.0 4 27.8 13 500 1 
6 180980 l142 17.0 17 64.1 5 1000 1 
7 18~980  1148 100.0 5 29.1 10 IQ00 1 
8 18~980  1420 16.8 17 64,6 5 1000 1 
9 180980 1427 103.0 4 30.3 9 1000 1 
NQ(E/I/) 3 Y 3 4 
AVE f E/ P/ ) 17.8 102.0 65.7 29. l 
SD(E/I/) l .5 2.4 2.4 1.5 
V(E/I/) 8 L! 4 5 
NO(E/EJ/ ) 2500 3000 2580 3000 
AVE(E/Id/ 1 17.4 101.8 65.2 29.3 
SD(E/EJ/) 3 -5  5.0 4.7 3.4 
V(E/IJ/) 20 5 7 14 









































































EK- I 20 
E V NPIMG WT 




.Q75 104 588 O 
500 O 
500 Q 
.41 648 500 O 





-34 91 2800 0 
500 O 
.46 54 580 O 
.l70 82 500 O 
508 o 
,110 87 500 O 
50s o 





TABLE 36. SUMMARY OF STATISTICS OF ECHO ENERGY FROM SPHERES MEASURED 
WITH THE EK-38 ECHO SOUNDER. 
------ E/P/(QD-UNITS) --- ----- E / I  J/ ( QD-UNIT3 ) --- 
SPHERE ( NO ) AVE SD V M AVE SD V N 
CU35A ( 1 )  29.89 -8% 3 1 1 29.89 4.88 16 5500 
CU35B ( 2)  31 -27 .30 1 4 31*36 3.69 12 3500 
CU35B-( 3)  28.91 11.05 38 13 28.91 12.29 42 6500 
CU35C+( 4 )  31.97 .40 1 3 31.97 4.07 13 3000 
CU35C-( 5 )  28.73 2.18 8 3 28.73 8.03 28 1500 
CU40 ( 6)  38.07 1*97 5 4 38.02 5.53 15 2500 
CU45 ( 7 )  87.3% 2.58 3 6 87.4% 9.19 11 4000 
CUSOA(8) 114.83 5-67 5 6 114.83 9.78 9 3000 
CU50B(9)  188.78 13.25 12 6 108.78- 14.56 13 3000 . 
CU5OC+( l O ) 82.60 1.62 2 4 82.60 5.85 7 2000 
cuaoc ( 1 1 )  111.30 11.11 I o 4 114.20 13.58 12 3000 
CU60 (12) 153.75 5.19 3 4 152.50 11.12 7 3000 
STE60A(21) 95.43 1.96 2 7 95.46 8.79 9 4500 
STL60B( 2% 92.34 2,50 3 8 93.48 7.45 8 13000 
STL99(23) 240.55 21.82 9 11 241.00 23.80 10 16500 
AS130 (24) 548.83 17.84 3 6 543.67 36.91 7 4500 
RS130 (25) 499.30 27.93 6 10 505.24 36.05 7 10500 
SSl30 (26) 295.87 19.34 7 8 292.23 23.00 8 6500 
AL60 (31) 80.09. 10.04 13 7 85.68 9.08 11 18500 
BRSbOT(32) 219.27 8.62 4 11 219.91 19.90 g 11000 
TABL"7. SUMMARY OF STATISTICS OF ECHO ENERGY FROM SPHERB WURED 
W l T H  THE EX-50 ECHO SOUNBER. 
SPHERR ( NO ) 
CU35A ( 1) 




CU40 ( 6) 
CU45 ( 7) 
CLI5OA ( 8) 
CUlaOB ( '9) 










BRS60T ( 32 
SRS60 (33) 











---- E/I/(QD-UNaT'IFS) ---- 
AVE SD V M 
43.92 1.99 5 12 
44.75 .77 2 4 
48.67 9.76 20 13 
38.45 .O7 8 2 
43.73 3-39 8 3 
29.50 .66 2 3 
61.88 1.50 2 1 1  
80.07 3.19 4 8 
80.26 3.35 4 7 
85.00 3.00 4 4 
79-32 5.02 6 5 
25 *50 e39 2 4 
92.07 2-35 3 7 
94.79 2.32 2 9 
248.75 32,46 13 12 
127.83 5.56 4 6 
326,25 66.25 19 8 
360.30 9*27 3 10 
123.50 1 ,29 1 4 
108.73 4.38 4 15 
106.10 4.18 4 1 O 
68.09 4.53 7 17 
93.94 4.65 5 15 
24,07 1.06 4 4 
39.61 2.37 6 'S 
34.06 1,71 5 28 
35.87 .83 2 4 
84.60 4.38 E, 9 
102.00 2.45 2 4 
44.12 1.78 4 16 
79.95 3.54 4 20 
93.60 2.65 3 16 
O--- E/EJ/ ( QD-UNES ) ---- 
AVE SD V N 
44.04 4.20 10 7000 
44.75 2.58 6 2000 
48.67 10.Q4 21 650Q 
38.43 2.31 6 1500 
43.73 3.82 9 1500 
29.50 2.66 "500 
61.20 3.90 6 31500 
88.07 4.63 6 4008 
80.26 4.63 6 3500 
85-00 4.28 5 2800 
79.32 5.94 7 2500 
25.50 1.76 7 2000 
91.79 4.90 5 4500 
94.83 4.59 5 5000 
258.00 43.42 17 26500 
1z.78 10.18 8 4500 
305.00 35.83 12 22000 
361.27 16,19 4 7500 
123.50 6.23 5 3000 
108.45 5.94 5 11000 
105.82 5.78 5 5500 
64.29 5.55 9 23500 
92.96 6.10 7 11000 
24*07 2-31 10 4000 
39.67 3e35 8 6500 
33.76 2.96 g 30000 
36.00 2.56 7 3000 
84.61 5.23 6 10000 
101.83 5.00 5 3000 
44.20 3.91 9 9000 
79.95 5.00 6 IQ000 
93-39 4.97 5 9500 
TABLE 38. SUMMARY OF STATISTICS OF ECHO ENERGY FROM SPHERES MEXSURED 
WITH THE EY-M ECHO SQUNDER. 
SPHEWE (NO ) 
CU35A ( 1 ) 
CU35B ( 2) 
CU35B-( 3) 
CU35C+( 4) 
cu35c-( 5)  
CU40 ( 6 )  
CU45 ( 7)  
CUSOA ( 8) 
CU5OB ( 9 )  
CU50C+( 10) 















SKF2B (43 1 






---- E/E/(QD-UNITS) ---- 
AVE SD V M 
32.55 1.57 5 11 
32.25 1.56 5 4 
31.24 5.66 18 13 
59.60 1.40 2 3 
31.70 1.76 6 3 
57.17 1.39 2 4 
25.05 1.36 5 6 
107.17 3.8% 4 6 
118.00 4.15 4 6 
138.50 4.12 3 4 
118.75 9.43 8 4 
103.75 1.71 2 4 
70,66 1.65 2 7 
61.51 1.52 2 8 
382.00 110.28 29 11 
488.67 28.98 4 6 
844.50 55.84 7 1 O 
840.50 59.21 7 8 
48.24 3.59 7 7 
TAE3LE 39. SUMMARY OF S T A T I S T I C S  OF ECHQ ENERGY FROM SPHERB MEASUREB 
WPm THE EX-12Q ECHO SOUNDER. 
---- E/I/ ( QD-UNIT% ) 
AVE SD V 
39.12 5.71 15 
37.95 4.33 11 
37.64 5-10 14 
33.95 035 1 
41.43 4.60 11 
8.62 .86 1 O 
.46 .O6 13 
34.09 8.13 24 
15.01 2,22 l5 
34.05 1.13 3 
23.90 4.60 19 
113.25 5-91 5 
22.54 3.21 14 
4.06 869 17 
242.00 44.86 19 
424.17 88-28 21 
82.49 32,84 4Q 
463.60 55.27 1% 
9.65 .38 4 
24.38 20.31 83 
13.86 1.11 8 
159.76 19.34 12 
9.01 l,76 20 
21 .92 2,22 10 
2Q,81 4,50 22 
14,91 1.33 9 
46.52 1.91 4 
59.92 3.52 6 
29.12 1.51 5 
38.82 5.28 14 
24.86 10,11 41 
12.75 9.70 80 
-O--- E/ IS/ ( QD-UNnS  ) ---- 
AVE SD V N 
39.87 7*IQ 18 7000 
37.95 5.17 14 2080 
37.64 6,52 17 6500 
33.87 3.51 10 1500 
41.43 5.56 13 1500 
8.62 1.38 16 1500 
.44 . 2% 51 31500 
34.09 8.25 24 4000 
15.01 2.85 19 3500 
%4,05 2.59 8 2000 
23.90 5-11> 22 2500 
113.25 9.89 9 2000 
22.92 3.95 17 4500 
4.04 1 . l2  28 5000 
261.74 49.04 19 26580 
441.78 94.70 21 4500 
57.90 27*81 48 22Q00 
480,28 55.58 l2 7500 
9.58 1.68 19 3000 
23.75 19*47 81 11000 
13.78 2.33 17 5500 
147.57 17.93 12 23500 
8.81 2'19 25 11000 
21.92 % , l 1  14 4OOQ 
19.86 5.69 29 6560 
14.67 2,%0 15 30000 
46.83 4,42 10 3000 
59.14 5.25 9 IS000 
29.32 3.35 11 3000 
39.44 6.77 17 9000 
24.86 10.24 41 10000 
12.99 9.84 . 76 9500 
Table  4 0 .  R e l a t i v e  and a b s o l u t e  measures of b a c k s e a t t e r i n g  c r o s s  
s e c t i o n s  SB observed with t h e  EX-38 echo sounder .  
- 
SPHERE (NO) SB/SB (CU35) SB (CM**2) SB/SGEOM TS (DB) 
Table  41, R e l a t i v e  and a b s o l u t e  measures of b a c k s c a t t e r i n g  cross 
s e c t i o n s  SB observed w i t h  the EM-50 echo sounder .  
SPHERE (NO) SB/SB (CU35) SB (CM**2) SB/SGEQM TS (DB) 
1.922 
l'. 23 3 
Table 42, Re l a t i ve  and abs o lu t e  measures of backsca t t e r i ng  c ro s s  
s e c t i o n s  SB observed wi th  t h e  EY-M echo sounder.  
S  Pl3ERE (NO. ) SB./.S.B. (.CU.3.5.) SB. (CM**2) SB/SGEOM TS (DB) 
Table 43. R e l a t i v e  and a b s o l u t e  measures of backsca t t e rbng  cross 
s e c t i o n s  SE3 observed w i t h  the E X - 1 2 0  echo sounder.  
SPHEISG (NO) SB/SB (CU35) SB ( W * * 2 )  SB/SGEOM T'S (DB) 
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(a) EK-38 0.2 m s  0.05 v (b )  EK-50 0.2 m s  0.05 v 
( c )  EY-M 0.2 m s  0.05 V (d)  EK-120 0.2 m s  0.05  V 
F i g .  2 8 .  Eehs waveforms from sphere  CU35A. Heading sequences: 
echo sounder,  a b s c i s s a  and o r d i n a t e  s e a l e  s i z e s .  
( a )  EK-38 0.2 m s  0.05 v (b)  EK-50 0.2 m s  0.05 v 
(e) EY-M 0.2 m s  0.05 v ( d )  EK-120 O $ 2  m s  0.05 v 
Fig. 2 9 .  Echs waveforms from sphere  CU35B,  Heading sequences:  
echo sounder and scale s i z e s .  
( a )  EK-38 0 . 2  ms 0 . 0 5  v (b )  EK-50 0 . 2  ms 0 . 0 5  v 
( C )  EY-M 0 . 2 m s  0 . 0 5 ~  (d )  EK-120 0 . 2  ms 0 . 0 5  V 
F i g .  3 0 .  E c h o  w a v e f o r m s  f r o m  sphere CU35C+. H e a d i n g  sequences: 
echo sounder and scale s i z e s .  
( a )  EK-38 0 . 2  m s  0 . 0 5  v ( b )  EX-50 0 . 2  m s  0 . 0 5  v 
(c)  EY-M 0 . 2  ms 0 . 0 5  v (d )  E X - l 2 8  0 . 2 m s  0 . 0 2 ~  
F i g .  31. E c h o  w a v e f o r m s  f r o m  sphere CU40.  H e a d i n g  sequences: 
echo sounder and scale s i z e s .  
(a) EX-38 0-2 ms 0.05 v (b) EK-50 0.2 ms 0.05 v 
(C) EY-M 0.2 m~ 0.05 V (d) EK-120 0,2 ms 0.05 V 
Fig. 32, Echo waveforms from sphere CU45 .  Heading sequences: 
echo sounder and seale sizes. 
(a) EM-38 0.2 ms 0.05 v (b) EM-50 0.2 ms 0.05 v 
(C) EY-M 0.2 mc 0.05 v ( d )  EX-120 0.2 ms 0.05 V 
Fig, 33. Echo waveforms from sphere CU58A. Heading sequences: 
echo sounder and seale aizes. 
( a )  EX-38 0 .2 m s  0 .O5 v (b )  EX-50 0.2 m s  0 .O5 v 
(C) EY-M 0.2 m s  0.05 V (d )  EX-120 0.2 m s  0 .O5 V 
Fig. 34. Echo waveforms from sphe re  CU50B. Heading sequences:  
echo sounder and s c a l e  s i z e s .  
(a) EK-38 0.2 m s  0.05 v ( b )  EX-50 0.2 m s  0 .O5 v 
( C )  EY-M 0.2 m s  0.05 V (d )  EX-120 0.2 m s  0.05 V 
F i g .  35. Echo waveforms from sphe re  CU50C+. Heading sequences:  
echo sounder and s c a l e  s i z e s .  
( a )  EX-38 0.2 m s  0.1 v (b)  EX-50 0.2 m s  0 .O5 v 
( C )  EY-M 0.2 m s  0.05 V (d)  EX-120 0.2 m s  0.1 V 
Fig .  36. Echo waveforms from sphere CU60. Heading sequences: 
echo sounder and s c a l e  s i z e s .  
( a )  EX-38 0.2 m s  0 .O5 v (b) EX-50 0.2 m s  0 ,O5 v 
( C )  EY-M 0.2 rris 0.05 V (d)  EK-120 0.2 m s  0.05 V 
F ig .  37.  Echo waveforms from sphere STLGOA. Heading sequences: 
eeho counder and s c a l e  s i z e s .  
( a )  EK-38 0 . 2  ms 0 . 0 5  v (b )  EX-50 0 . 2  ms 0 . 0 5  v 
( c )  EY-M 0 . 2  ms 0 . 0 5  V (d )  EX-120 0 . 2  m s  0 . 0 2  V 
F i g .  3 8 .  E c h o  w a v e f o r m s  f r o m  sphere STLGOB. Heading sequences: 
echo s o u n d e r  and scale s i z e s .  
( a )  ER-38 0 , 2  ms, 0  .l v (b)  EK-50 0 . 2  m s  0 . 1  v 
( C )  EY-M 0 . 2  m s  0 . 1  V (d )  EK-1.20 0 . 2  m s  0 . 1  V 
F i g .  39 .  E c h o  w a v e f o r m s  f r o m  sphere STL99. H e a d i n g  s e q u e n c e s :  
echo sounder and scale s i z e s .  
(a) EX-38 0.2 m s  0.1 v (b)  EX-50 0.2 m s  0.05 v 
( e )  EY-M 0.2 m s  0.1 v (d)  EX-120 0.2 m s  O .l v 
Fig.  40. Echo waveforms from sphere A.5130. Heading sequenees: 
echo sounder and s c a l e  s i z e s .  
( a )  EK-38 0.2 m s  0.1 v ( b )  EX-50 0.2 m s  0.1 v 
( e )  EY-M 0.2 m s  0.2 v (d)  EX-120 0.2 m s  0.05 v 
F i g ,  41. Echo waveforms from sphere RS130. Heading sequences: 
echo counder and s c a l e  s i z e s .  
( a )  EK-38 0.2 m s  0 .l v (b) EX-50 0.2 m s  0.1 v 
( C )  EY-M 0.2 m s  0.2 V (d)  EK-120 0.2 m s  0 .1 V 
F i g .  42. Echo waveforms from sphere  SS130. Heading sequences:  
echo sounder and s c a l e  s i z e s .  
( a )  EX-38 0.2 m s  0.05 v ( b )  EK-50 0.2 m s  0.1 v 
( C )  EY-M 8 . 2  m s  0.05 V (d )  EK-120 0 . 2 m s  0.0217 
F i g .  4 3 .  Echo waveforms from sphe re  AE60. Heading sequences:  
echs  sounder and s c a l e  s i z e s .  
( a )  EX-38 0 . 2  m s  0 . 1  v (b)  EX-50 0 . 2  ms 0 .O5 v 
(e)  EY-M 0 . 2  m s  0 . 1  v ( d )  EX-120 0 . 2  m s  0 . 0 5  v 
F i g .  4 4 .  E c h o  w a v e f o r m s  f r o m  sphere BRSGOT. Heading sequences: 
echo sounder and sca le  s i z e s .  
( a )  EX-38 0 . 2  m s  0 . 1  v (b)  EX-50 0 . 2  m s  0 . 0 5  v 
( c )  EY-M 0 . 2 m s  0 . 1 ~  (d )  EK-120 0 . 2  m s  0 . 0 5  v 
F i g .  4 5 .  E c h o  w a v e f o r m s  f r o m  sphere BRSGO. H e a d i n g  sequences: 
echo sounder and scale s i z e s .  
(a) EX-38 0 . 2  ms 0 . 0 5  v (b)  EX-50 0 . 2  ms 0 . 0 5  v 
( C )  EY-M 0 . 2  ms 0 . 0 5  V ( d )  EX-120 0 . 2  ms 0 . 1  V 
F i g .  4 6 .  E c h o  w a v e f o r m s  f r o m  sphere  NYL6O. H e a d i n g  s e q u e n c e s :  
echo sounder a n d  scale s i z e s .  
(a )  EK-38 0 . 2  ms 0 . 1  v (b)  EK-50 0 . 2  ms 0 . 0 5  v 
( C )  EY-M 0 . 2  ms 0 . 0 5  V (d)  EK-120 0 . 2  ms 0 . 2  V 
F i g .  47.  E c h o  w a v e f o r m s  f r o m  sphere ZN6O. H e a d i n g  sequences: 
e e k o  s o u n d e r  and scale  s i z e s .  
( a )  EX-38 0.2 m s  0.05 v (b)  EX-50 0.2 m s  0.05 v 
( C )  EY-M 0.2 m s  0.05 V ( d )  EX-120 0.2 m s  0.05 V 
F i g .  48. Echo waveforms from sphe re  SKF2B. Heading sequences:  
echo sounder and c c a l e  s i z e s ,  
( a )  EX-38 0.2 m s  0.05 v (b )  EX-50 0.,2 m s  0.05 v 
( C )  EY-M 0,2 m s  0.05 v ( d )  EX-120 0.2 m s  0.05 v 
F i g .  4 9 .  Echo waveforms from cphere  SKF2.5. Heading sequences:  
echs counder and s c a l e  s i z e s .  
( a )  EK-38 0 . 2  ms 5  v ( b )  EX-50 0 . 2  ms 1 0  v 
(c )  EY-M 0 . 2  ms 5 v (d )  EX-120 0 . 2  ms 1 0  v 
F i g .  5 0 .  T r a n s m i t  s i g n a a s  of f o u r  e c h o  s o u n d e r s .  H e a d i n g  
s e q u e n e e s :  echa s o u n d e r  and scale s i z e s .  
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